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BRAIN. 
PART L, 1899. 
Quguml Articles and Clinical (uses. 


ON THE LOCALISATION OF INTRACRANIAL 
TUMOURS." 


BY BYROM BRAMWELL, M.D. 


Av a discussion on Intra-cranial Surgery at the Edin- 
burgh Medico-Chirurgical Society a few years ago (February 
21, 1894), I analysed all the cases of intracranial tumour— 
82 in number—which had been under my own care up to 
that time. Since being invited to take part in the discus- 
-sion, I have carefully gone over the notes of these cases, 
weeding out a few cases in which the diagnosis was perhaps 
doubtful, and adding the additional cases which have since 
come under my notice. ' 

The total number of cases of intracranial tumour which 
have been under my own care during life up to the present 
time is 122. 

The results in these ane cases were as follows :— 

Fatal :— 


(a) With post-mortem examination ... .. 40 
(0) Without post-mortem examination ... .. 986 "d 
Cured or apparently cured :— 
(a) Non-syphilitio cases (some of them were ` 
perhaps cases of distended ventricles and 
not tumours) D. Ss = e 4 
(b) Syphilitic cases " ite Sei ie ears, AT í 
— .. dl 


S ! Bang & contribution to the discussion on EE published in BRAIN, 
1898, p. 291. 


VOL. XXII. . > 1 


2 . ORIGINAL ARTICLES AND CLINICAL OASES 


Greatly relieved :3 — "s 


(a) Non-syphilitic cases . SS xus uL 
(b) Syphilitic cases — ... " ... s y 10 T 
Remaining in statu quo :— ` T 
, (a) Non-syphilitic cases . WEST xu ... 19 
` (b) Syphilitio cases | eo a SES el e 18 
Result unknown:— +. eae 1l 
1 E — 11 
Total’ — .. 122 


In this discussion I shall only, of course, refer to the: 
cases in which: the exact localisation of the’ tumour was 
definitely ascertained be post-mortem examination, and to 
two cases, in one of which, the position..of the tumour | 
was verified, and in the other not verified by SE 
procedure. ; 

In the following table, the Ge and ‘nature. of the 
„tumour in the 40 cases: ‘which were verified ‘by post-mortem 
examination are shown :— 


Table showing Position and Nature of the Tumour m 40 Cases of Inés acramal 
Tumour under Dr. Byrom Bramwell's care during life, and examined 
Post mortem, z 


va d D 



























E : ; 
z $ E Pomtion of Tumour. Nature of Tumour. . 
i | aa aa, Right and adjacent parts of | Syphilitio. 
etal and cocipital lobes. i 
2] 40M. | might frontal lobe, first convolution and | Glioma and oyst. 
subjacent white matter. 
8|45|M. | Left frontal lobe, first convolution and | Lympho - sarcoma- 
j S subjacent white matter. tous oyst. 
4|64|E.| Left lateral lobe of the cerebellum. Sarcoma of the mem- 
; z "branes. . 
6|84/M.| Right frontal lobo, first and second con- | Syphilitic. 
. volutions and subjacent white matter. i ^ 
.6|90|F.| Right motor area and second and third | Sarcoma of the mem- 
- frontal convolutions, island of Reil, and branes. 
tip of temporo-sphenoidal lobe. Dot 
7| 5/M.|.Bix Kiesch d first left frontal convo- | Tubercular. 
lution; ( of left oocipital lobe; | ~ 2: 
H right Se Fornioatus: (4) loft gyrus 
ornicatus; (5) right angular gyrus; 
(6) head of left corpus striatum. NC 
Cerebellum, right lateral lobe, Tubercular. 


2 Right motor ares. Becondary cancer. 


! In several of these cases the ultimate result is not known. 
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88 
84 
35 
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S Nature of Tumour. 








u HHERH SE E BHE 


u Be EERENMN 








Left orus and cerebellum. 

Left occipital lobe. 

Vertex. 

Right optio thalamus. 

Motor area and subcortical white matter. 
Cerebellum: four tumours—three in the 
left and one in the right lateral lobe. 

Right side of pons. 

Second left frontal convolution. 

Left centrum ovale, just behind motor 
area dnd right island of Reil, and mght 
lentioular nucleus. 

Left motor area and posterior end of the 
third left frontal convolution, and the 
subjacent white matter. 

Right arm centre 

Pons, 

Left frontal, temporo-sphenoldal and ooc1- 
pital lobes. ` 

Right centrum ovale, internal capsule and 
optic thalamus. 

Oerebellum, middle and right lateral lobes. 

Vertex. 


Left frontal lobe 

Cerebellum, left lateral and middle lobes. 
Left centrum ovale and motor area. 
Cerebellum, middle and right lateral lobes. 
Base, pressing on left mde of pons. 


Cerebellum, right lateral lobe, left len- 
ticular nucleus and right ascending 
parietal convolution. 

Left occipital cortex, eto. 

Pituitary body. 

Left centrum ovale, 

Left frontal lobe. 

Base, right side of pons.: 

Right temporo-sphenoldal lobe and second 
right frontal convolution. 

Left orus. 

Left parietal lobe. Also large abscess in 
subjacent white matter, 

Right mde of pons, right orus and osre- 





Tuberoular 
Syphultic. 
Perforating sarcoma, 
Gho-sarcoma, 
Gho-sarcoma, 
Tuberculdr. 


Glio-sarcoms. 
Gho-sarcoma, 
Glio-sarcoma. 


Glomae with oyst. 


Glioma. 
Ghoma. 
Glioma and cyst. 


Glioma. 


Glioma and oyst. 

Cancer of mem- 
branes. 

Glioma and cyst: 

Ghoms. 

Ghoma, 

Glioma. 

Fibro - sarcoma of 
membranes. 

Secondary cancer. 


Melanotic sarcoma. 
Surcoma. 

Large glioma, 
Glioma, 
F'ibro-sarcoma. 
Ghoma and oyst. 


'Taberoular. 
Fibro-cellular, 


Glioma. 


bellum. 
: 3 D 


On analysing this table I find that the position of the 
tumour in the 40 fatal cases which were examined post 
"mortem was as follows :— 

Frontal Lobe.—In six cases the tumour was confined to 
the frontal lobe (viz., 2, 8, 5, 17, 26 and 85). 

In five other cases (viz., 6, 7, 19, 22 and 37) the frontal 
lobe was involved in addition to other parts. 


4 ORIGINAL AND IC. ASES 
TOULES WAND CLIN AL: ©. 


Island of Reil.—ln three cases (18, 19 and 22) the 
tumour involved the island of Reil; in all of these cases 
other parts were also involved. 

Motor Area and Subcortical Motor Tracts.—In ten cases 
the tumour was situated in the motor area or subcortical 
tissues immediately below the motor area (viz., 6, 9, 14, 18, 
19, 20, 93, 25, 28 and 34). In several of these cases other 
parts (frontal lobe, &c.) were also involved. 

Tempero-Sphenoidal Lobe.—In two cases (viz., 22 and 
37) the tumour was situated in the temporo-sphenoidal 
lobe; in both of these cases other parts were also involved. 

Occipital Lobe.—ln one case (11) the lesion (a healed 
syphilitic gumma) was limited to the occipital lobe; and in "` 
three cases (7, 22 and 28) the occipital lobe was involved as 
well as other parts. 

Parietal Lobe.—In two cases (viz., 1 and 39) the tumour 
was situated in the parietal lobe. 

Basal Ganglia. (a) Optic Thalamus.—In one case (13) 
the tumour had its primary seat in the right optic thalamus. ` 
In three other cases (22, 28 and 82) the optic thalamus 
was involved along with other parts. 

(b) Lenticular Nucleus.—In two cases (18 and 81) the 
lenticular nucleus was involved along with other parts. 

(c) Caudate Nucleus.—In two cases (7 and 18) the 
caudate nucleus was involved along with other parts. , 

Base of the Brain.—In three cases (80, 38 and 36) 
the tumour was situated at the base of the brain outside 
the nervous tissues. 

In one of these cases (83) the tumour affected the 
pituitary body. i 

Crus Cerebri.—In two cases (10 and 33) the tumour was 
situated in the crus cerebri. 

Pons. Varolii.—In three cases (16, 21 and 40) the tumour 
was situated in the pons. In two other cases (30 and 36) 
the pons was implicated by tumours which had their 
primary seat outside the nervous tissues. 

Cerebellum.—In seven cases (4, 8, 15, 24, 27, 29 and 31) 
the tumour was situated in the cerebellum. In three other 
cases (10, 32 and 40) the cerebellum was also involved by a 
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tumour, either springing from the membranes, or a tumour 
which involved other parts of the nervous tissues as well 
as the cerebellum. 

Various Situations.—In two cases (7 and 32) the tumour 
or tumours involved a number of different parts of the 
cerebral and cerebellar tissues. 

In one case (12) the tumour (a perforating sarcoma 
of the skull) involved the outer surface of the dura mater 
in the frontal and vertical regions and the frontal and 
parietal bones. 

The primary seat of the twmour in the 40 cases was 
therefore as follows :— ' 


Frontal lobe Rs F ars vi ax 
Motor area... Sr Véi "S .. 10 
Termporo-sphenoidal lobe 

Occipital lobe ... : 

Parietal lobe 

Optic thalamus 

Base (extra nervous) .. 

Orus cerebri 

Pons Varolii 

Cerebellum 

Various positions E 

Extradural SET SE sarcoma of the skull) 


Total 


Gases 


B 
5 | RPpon CO bo C2 kA hb HA bi 


The number of cases included in any one group is 
too small to warrant generalised conclusions, especially 
since some of the cases were seen twenty-four years ago; 
but many of the individual cases afford important informa- 
tion as to the positive (localising) symptoms and as to 
the negative symptoms which may result from the presence 
of & tumour in the special parts of the brain and .cere- 
belum which are included in this discussion. (I shall 
only, of course, refer to tumours in the frontal, temporo- 
sphenoidal and occipital lobes, the basal ganglia and the 
cerebellum, since tumours involving the motor area and the 
subjacent white matter, and tumours of the base, pituitary 
body, crus cerebri, pons Varolii and medulla oblongata are 
not included in this discussion.) 


~ 


6 ` ORIGINAL ARTICLES AND CLINICAL CASES 


I propose, then, to detail bmefly the more important 
clinical features of some of the individual cases, pointing 
out the positive and negative facts of localising value which 

_ they exhibit. The negative facts are in many instances 
very striking; and, from a diagnostic point of view, are, 
of course, as important as the positive localising symptoms. 
Speaking generally, I may say that as my experience of 
intracranial tumours increases I become more and more 
cautious in drawing conclusions from the clinical data 
as to the exact position of the new growth. I have met 
with cases in which an intracranial tumour has been 
situated in every one of the parts of the cerebrum which are 
specially included in this discussion, and in the cerebellum, 
in which there were absolutely no localising symptoms 
indicative of the position of the tumour. I make one 
exception only, for when the occipital lobe is the seat of 
the tumour Ge, when the half-vision centre or the optic 
radiations of Gratiole& are implicated by the tumour), 
hemianopsia is probably always present. But I speak ten- 
tatively on this point, for I have seen very few tumours 
of the occipital lobe. 

In two cases (4 and 39) a tumour was found after death, 
the presence of which was entirely unsuspected during 
life, t.e., in both cases the tumour seemed to be entirely 
“latent.” 


TUMOURS OF THE FRONTAL LOBE. 


In six cases the tumour was limited to the frontal lobe, 
and in five other cases the frontal lobe was involved along 
with other parts. The more important features of the six 
cases in which the tumour was confined to the frontal lobe 
were as follows :— 


(4.) CASES IN WHICH THE TUMOUR WAS LIMITED TO THX 
Frontar Losa. 

Case I. (Case 2 in the Table). Goma and cyst of the right 
frontal lobe wnwolving the middle part of the first frontal 
convolution and the subjacent white matter. 

D. M., aged 40, pitman, admitted to the Newcastle-on-Tyne 

Infirmary on March 22, 1875. 
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A. General Symptoms. Headache (intense and usually 
frontal); vomiting (frequent and severe); giddiness; optic 
neuritis (intense, limited to the left eye, the right eye having 
been previously destroyed by an injury); several severe general 
epileptic fits. 

B. Localising Symptoms. (a) Mental Symptoms. There is a 
marked change in the patient's mental condition; he has a silly 
expression; is at times irritable, obstinate and passionate, at 
other times depressed and stupid; his memory is markedly 
impaired; he frequently bursts into meaningless laughter; he 
sleeps well, but while sleeping grinds his teeth. Boon after his 
admission to hospital he developed delusions of suspicion and 
had to be sent to an asylum. 


nad 


Fig. 1. 


Section through the nght frontal lobe of the brain in the case of D. M. 
(Case 1), showing the position of the lesion. 


(b) Motor Functions. The gait is peculiar, he takes a few 
quick steps to the left, then a few quick steps to the right, often 
breaking into a short run; he frequently has attacks of tem- 
porary loss of power in the left side, occasionally in the right 
side; he every now and again falls, apparently from sudden loss 
of power in the left leg. 

The knee-jerks were not examined; the plantar reflex was 
more marked on the left than on the right side. 

(c) Speech. No aphasic symptoms. 

(d) Pseudo-localising Symptoms. A cicatrix, the result of a 
severe head injury received a year ago, is present 24 inches 
above and slightly behind the left ear; he was quite well 
until this injury; the head symptoms developed immediately 
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after the injury. Perhaps the tumour developed at the point of 
contre-cowp. 

Result. He became comatose on September 18, 1875, and 
died on September 20. . 

Post-mortem. Intra-cranial pressure greatly increased; Pac- 
chionian bodies very prominent and had eroded the skull; 
convolutions flattened and sulci effaced; ventricles somewhat 
dilated ; a gliomatous tumour and cyst in the right frontal lobe, 
involving the upper frontal convolution and the subjacent white 
tnatter (seo fig. 1). Brain otherwise quite normal; weight, 59 
ounces (cerebrum, 504; cerebellum, 84 ounces). 


Remarks. In this case mental symptoms were very 
marked; and temporary paralysis, usually on the opposite 
side, sometimes in both legs, frequently recurred; the gait 
was peculiar; grinding of the teeth also occurred. 


Case 2 (Case 3 in Table). Glioma and cyst of the left frontal 
lobe, involving the middle part of the first frontal convolution 
and the subjacent white matter. 


W. A., aged 45, pitman, admitted to the Newcastle-on-Tyne ` 
Infirmary on October 1, 1894, suffering from an intra-thoracic 
tumour and head symptoms. The case was a very interesting 
and complicated one; tho head symptoms were as follows :— 

General Symptoms. No headache, vomiting, or giddiness 
mentioned in the notes ; optic dises not examined ` no fits, 

Mental Symptoms. A marked change in patient's mental 
condition ; is irritable and obstinate, will sit silent for hours and 
only answers questions in monosyllables; sleeps badly and 
often grinds his teeth. : 

Speech. Distinct motor aphasia. 

Motor Funchons. Right hemiplegia, which varied greatly in 
its degree from time to time. 

Knee-jerks not examined. 

Result. The mental symptoms and the paralysis varied 
considerably from day to day. A few days before death the 
right-sided hemiplegia, which the day previously had almost 
passed off, suddenly became complete, diarrhoa developed, the 
temperature rose to 102°, and the patient died November 6, 1894. 

Post-mortem Appearances, Large lympho-sarcoma in thorax ; 
pericarditis ; secondary lympho-sarcomatous deposits in the 
&bdóminal and mesenteric glands, the left suprarenal capsule 
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and the small intestine; lympho-sarcomatous cyst the size of a 
hen’s egg in the left frontal lobe, involving the middle part of 
the first frontal convolution and the subjacent white matter 
(see fig. 2); a quite recent embolus in the left middle cerebral 
. artery (apparently this was the cause of the complete hemi- 
plegia which developed suddenly a few days before death). 





Fra. 2 


Section through the left frontal lobe of the brain in the case of W. A. 
(Oase 2), showing the position of the lesion. 


Remarks, In this case mental symptoms were very 
marked; right hemiplegia very variable in degree and 
some motor aphasia seemed to be caused by the tumour ; 
grinding of the teeth also occurred. 


Case 3. (Case 5in Table). Syphilitic tumour involving the posterior 
end of the 1st and 2nd right frontal convolutwns and the 
subjacent white matter and irritating the adjacent part of the 
motor cortex. 


J. M., aged 84, bricklayer, admitted to the Newcastle-on-Tyne 
Infirmary on November 4, 1875, suffering from left hemiplegia 
and Jacksonian epilepsy. . 

Previous History. Syphilis seven years previously. For two 
years ‘“rheumatio” pains, worse at night; several attacks of 
severe headache. Seven weeks ago, a severe, general epileptic 
fit; two weeks ago, a second fit, unattended with loss of con- 
sciousness, limited to’ the left side and followed by left hem- 


plegia. 


d C. 
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General Symptoms. Headache (severe, frontal and Wee 
double optio neuritis, intense in degree. 

Mental Symptoms. Mental condition very much paired. 
all the méntal processes being markedly blurred. pM IS 

Speech. No aphasia. A 


DÉI 
H 


Motor Functions., Left hemiplegia, involving the hace, ain’ P ge 
and leg, following J acksonian epilepsy, which involved the, left; . PEE 


side of the body, and which had occurred a fortnight previously." 

Knee-jerks hot examined ; plantar reflex more marked on the 
right (non-paralysed) side. 

Immediate Result. Under anti-syphilitic treatment the ‘patient 
made an excellent recovery and was discharged quite well on 
January 81, 1876. i 

Subsequent Progress. On September 23, 1876, he fell from . 
a high scaffold, fractured his clavicle and received a severe’cut ' 
on the right side of his head; was confined to bed for a month, 
suffering from severe headache ` then returned td work, ` 

| On February 9, 1877, wes seized with Jacksonian epilepsy; 
the fits continued to recur with great regularity and frequency ; 
was re-admitted to the Newcastle-on-Tyne Infirmary on February 
23, 1877, suffering from left hemiplegia and frequently recurring 
attacks of Jacksonian spilepsy; the spasms commenced with 
drawing up of both legs and chiefly affected the left side of the 
body; it was calculated that the patient had 4,320 fits. 

Under treatment rapid improvement occurred, and the patient 
was discharged, well, on April 20, 1877. 

He continued to follow his employment, and so far as could 
be ascertained made no complaint until December 31, 1877, 
when he was seized with a Severe general epileptic fit, followed 
; by coma and death. 

Post-mortem Appearances. The scalp and skull- -cap were 
R the dura was firmly adherent.over a circumscribed spot 
corresponding to the posterior end of the second right frontal 
convolution. The surface of the brain at the point of adhesion 
.was depressed, and on cutting into it this was found to be due 
to the contraction of & new growth (syphilitic gumma). The 
tumour involved the posterior end of the first and second right 
frontal convolutions and the subjacent white matter (see fig. 3); 
‘it did not directly involve the adjacent motor cortex (ascending 
frontal convolution), 


Remarks. In this case the frequently recurring attacks 
of Jacksonian epilepsy, which commenced with drawing up 


H 


ON THE LOCALISATION OF INTRACRANIAL TUMOURS 11 





Fra. 8. 


Right hemisphere of the biain in the case of J. M. (Case 8), showing tho 
position of the lesion. 


of both legs, suggested that the tumour was situated in 
the motor area (leg centre, or involving both leg centres at 
the vertex); the tumour involved the second right frontal 
convolution and its subjacent white matter; it had no doubt 
irritated the adjacent part of the motor area, but that was 
the arm centre. 


Case 4. (Case 17 in Table). Two sarcomatous tumours of the 
left frontal lobe; one small (the size of a Spanish olive) in 
the iip ; the other large (the size of a large egg) was limited to, 
and had produced complete destruction of, the posterior end 
of the second left frontal convolution ; no localising symptoms ; 
no agraphia. 


J. 5., aged 34, widow, admitted to the Edinburgh Royal 
Infirmary on February 15, 1896, suffering from headache, vomit- 
ing and dimness of vision. 

Duration. The headache commenced a year ago; five months 
ago the patient experienced a tingling sensation all over the body 
(resembling that of the foot being asleep) and then vomited; has 
continued to vomit occasionally since; five weeks ago she noticed 
that her sight was becoming dim. 

General Symptoms. Headache (very severe, occipital and 
frontal, continuous, with exacerbations, for the past five months) ; 
vomiting (occurs usually with exacerbations of the headache, 
generally before breakfast); dimness of vision in the left eye; 
giddiness and an occasional tendency to fall backwards when 
walking; a pricking sensation in the eyes; double vision; 
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: double optic neuritis, more marked in the Jeft than in the right 
eye, but moderate in degree even in the left eye. 
Mental Symptoms. Absolutely none; the patient is intelli: 
gent and well educated, extremely bright and active mentally. 
Speech. No aphasic defect of any kind; in particular, no 
agraphia. , 
Motor Functions. Slight paralysis of the left external rectus 
. muscle and associated nystagmus in the right eye when the 
patient attempts to look right out to the left. 

Knee-jerks equal and normal in degree. 

Diagnosis. An intracranial tumour; position uncertain, but 
probably in the left hemisphere, because of the paralysis of the 
left external rectus. ay 

Progress of the Case. During her stay in hospital the patient 
continued to have very severe EE and frequent attacks of 

vomiting. 


On March 12, 1896, she santa of feeling dull and heavy ; ) 


the optic neuritis was more marked. 

On March 18, 1896, was discharged at her own: request. 

On June 1, 1896, was re-admitted; eyesight worse, optic 
neuritis more marked; headache intense, chiefly frontal; vomit- 
ing frequent and severe; giddiness frequent. Attacks of pain 
and a prickling feeling in the left side of the lips; tongue, roof of 
the mouth and left SC of the face, never affecting ihe right 
side of these parts; occurring in paroxysms of some hours’ 
duration; a numb feeling on the left side of the face, but no 
‘discoverable anesthesia; the slightest touch is felt on the left 
side of the face, but the patient says the sensation produced by 


a slight touch is “awful different" from that produced by a 


corresponding touch on the right side. Occasional jerkings of 
both hands and arms, with a feeling of weakness in the legs and 
a sensation of nausea; these attacks ocour in paroxysms of 


about five minutes’ duration. Optic neuritis more marked. No ' 


' mental or aphasic symptoms. The paralysis of the left-external 
, rectus in statu quo. 
Knee-jerks equal and normal in degree. 


. June 9, 1896. Had an attack of jerkings affecting both arms . 


and both legs and lasting for five SE The spasm com- 
menced in the right leg. 

June 10, 1896. ‘Had an extremely severe attack of frontal 
headache ; it developed’ suddenly, was attended with great rest- 
lessness and excitement, and was followed by extreme’ exhaus- 
tion ; was only relieved by a hypodermic injection of morphia. 
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Several attacks of & similar nature, all requiring morphia for 
their relief, occurred during the next week. 

; June 17, 1896. Had an attack of clonic spasms (Jacksonian 
epilepsy) affecting the left foot and leg muscles. 

June 22 and 26, 1896. Attacks of clonic spasms affecting 
both arms and both legs and the left side of the face. 

June 30 and July 4. Attacks of intense headache, followed 
by great exhaustion; relieved by morphia hypodermically. 
These attacks were so alarming that palliative trephining (for 
the relief of the headache) was decided upon. 

Up to this time, there had been absolutely no mental symp- 
toms, no aphasic symptoms, in particular no agraphia. 

The operation was performed by Mr. Cotterill on July 7, 
1896, the trephine opening being made over the right motor 
area, since on June 17 the clonic spasms had been limited to 
the left foot and leg, though, in the earlier stages of the case, I 
was on the whole inclined to think that the tumour was probably 
situated on the right side. On opening the dura the intra-cranial 
pressure was found to be increased; nothing else abnormal was 
seen. ` 

The operation was followed by great relief as regards the 
headache, but left hemiplegia and & condition of partial dementia 
unfortunately developed, evidently due to cerebritis. 

The patient was re-admitted to my ward some three months 
later completely hemiplegic on the left side, and in & condition 
of marked mental enfeeblement. During the next two months 
there was some slight improvement. 

On , December 21, 1896, she was sent to the Rosslynlee 
Asylum. I am indebted to the Superintendent, Dr. Mitchell, 
and to his Assistant, Dr. Cross, for the following notes of her 
condition :— 

On admission she was suffering from left hemiplegia and 
mental enfeeblement, and she was facile and emotional. 

On February 1, 1897, she was better, talking sensibly, and 
very grateful for what was done for her. 

On March 4, 1897, sensible and cheerful. Dr. Mitchell at 
this date wrote me:—''I cannot detect much wrong with her 
mentally, except mild enfeeblement and emotionalism.” 

During April, 1897, she became worse; her articulation and 
voice were much weaker; it was doubtful if she correctly 
understood what was said to her; her condition was that of 
dementia. She died on May 22, 1897. 

On post-mortem examination the membranes were adherent 
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over the right motor area (the position of the trephine wound) ; 
the subjacent cortical and sub-cortical tissues were sclerosed—in 
` a cicatricial condition, the result of meningo-cerebritis. 

Two sarcomatous tumours were present in the left frontal 
lobe, viz. :—One of small size (the size of a Spanish olive) in the 
very tip. Another of large size (fully the size of a hen's egg) 
had replaced-and entirely destroyed the posterior third. of the ` 
second left frorital convolution (see fig. 4); the posterior end of 
the first left frontal convolution and the adjacent part of the left 
ascending frontal convolution were encroached upon but nos 
destroyed ; the third left frontal convolution did not appear to be 
involved. ] 

The brain was otherwise normal. Dr. Cross, the Assistant 
Medical Officer to the Asylum, kindly brought the brain to me 
after the post-mortem examination, and I personally verified the 
exact localisation, as described arid depicted by him. 





ng Fra. 4. 


Left hemisphere of the brain in the case of J. S. (Case 4), showing the 
position of the tumours. 


Remarks.——In this case, in which the posterior third of 
the second left frontal convolution (Exner's writing-speech 
centre) was entirely destroyed, there were, up to the time of 
the operation, absolutely no mental symptoms and no . 
agraphia. While the patient was in hospital, she wag in 
the habit of writing to her- friends, and they state that 
there was absolutely no defect in her writing or in her 
': power of expressing herself in writing. After the operation 
she did not write any letters (owing to. the enfeebled 
mental condition), but she was able to write. While she 
was in the Rosslynlee Asylum, she gave instructions for 
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her will, and wrote with her own hand, “Please give 
my father-in-law M—— B——, my money,” and signed this 
document. 

In this case there were no symptoms indicative of the 
position of a tumour in the left frontal lobe. The following 
pseudo-localising symptoms (suggestive of a lesion in other 
parts of the brain) were observed during the course of the 
case:—-A tendency to fall backwards; slight paralysis of 
the left external rectus muscle (probably due to indirect 
pressure on the left 6th nerve); a prickling feeling in the 
left side of the lips, tongue, roof of the mouth and face; 
occasional jerkings of both legs; localised clonic spasms 
affecting the muscles of the left foot and leg; spasmodic 
twitchings of the left side of the face. 


Case b. (Case 26 in Table). Large glio-sarcomatous tumour and 
cyst of the left frontal lobe, involving and destroying the 
anterior two-thirds of the first and second and the anterior 
half of the third left frontal convolution and the subjacent 
white matter; the posterior third of the first and second and 
the greater part of the posterior end of the third left frontal 
convolutions and their subjacent white matter were softened, 
adematous and to some extent infiltrated, though not com- 
pletely destroyed by the new growth. : 


A. B., female, single, aged 47, was seen with Dr. Foulis on 
October 16, 1884, complaining of headache, vomiting and partial 
loss of power in the right arm and leg. 

Previous History.—At the age of 12 years, suffered from 
“brain fever" ; at the age of 37, had an epileptic fit, after which 
a distinct and permanent change in her mental condition was 
noticed ` at the age of 45, ceased to menstruate, and immediately 
after this the cerebral symptoms for which I saw her began 
to develop. " 

General Symptoms. —Hegdache (very severe, at first in the 
area of distribution of the left great occipital nerve, afterwards 
in the left frontal and parietal regions); vomiting; pseudo- 
apopleotio attacks (in which the patient would sleep for twenty- 
four hours at a time), attended with pyrexia (in one of them 
the temperature rose to 105°); no optic neuritis (though Dr. 
Thomas Barlow, who had seen the patient some months 
previously, had found slight optic neuritis in the left eye). 
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: Mental Symptoms.—Vacant expression ; loss of the power of 
attention and mental concentration, a dazed condition at times; 
impairment of memory; at times incbherent and rambling in ber" 
talk. D ` ` ` 

Condition of Speech.— Temporary attacks of partial motor 
aphasia, with the use of wrong words.: 

Motor Symptoms.—Partial loss of power in the right arm and 
leg; tongue protruded to the right; a tendency of the head to 
fall to the right side. 

Knee-jerks.— The right very feeble, left active. Plantar reflex 
active on both sides. . 

Pseudo-localising, Symptoms.—Neuralgic pains in the ares of ` 
distribution of the left great occipital nerve, temporary double 
facial paralysis (observed by Dr. Foulis), marked difficulty in 
swallowing; difficulty in articulation, (These symptoms were 
suggestive of a lesion in the region of the pons Varolii. Dr. 
Barlow had also thought that the symptoms, when he saw the 
‘patient, were indicative of a lesion “far back") — . 

Subsequent. Progress, — Bevere left-sided headache, obiefly 
frontel and occipital; frequent vomiting, difficulty in mastication, 
difficulty in swallowing, violent coughing (due apparently to 
“ erumbs going the wrong way" _and suggestive of paralysis of 
the larynx); answers questions in whispers only; ultimately 
complete right-sided hemiplegia and marked motor aphasia. 

Death. —March 19, 1885. j 





Fig, 6. 


Section through the frontal lobes of the brain in the case ‘of A.B. (Case a 
showing the position of the lesion. 

‘The letter A points to the lesion in the left frontal lobe. 

The letter B points to a portion of the right frontal lobe aftected by the 
direct extension of the tumour, 1 
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Post-mortem Ezamination.—No general increase of intra- 
cranial pressure, left frontal lobe markedly larger than the right, 
the dura adherent over the left frontal lobe; a large glio- 
sarcomatous tumour with a cyst the size of a hen's egg in the 
left frontal lobe, involving the parts already described in the 
heading of the case (see fig. 5). 

Brain otherwise quite normal. 


Remarks. In this case, in which the tumour was 
situated in the left frontal lobe, the following pseudo- 
localising symptoms were noted :—Neuralgic pains in 
the, area of distribution of the left great occipital nerve; 
temporary double facial paralysis (observed by Dr. Foulis) ; 
difficulty in mastication; marked difficulty in swallowing; 
difficulty in articulation (not aphasit in the early stages of 
the case); coughing, apparently due to paralysis of the 
larynx (“crumbs getting down the wrong way”’). 

The well-marked mental symptoms, the development, in 
the later stages of the case, of motor aphasia and of right 
hemiplegia showed, however, the true position of the lesion. 


Case 6 (Case 85 in the Table.) Large glio-sarcomatous tumour 
of the left frontal lobe, involving and completely destroying 
the whole of the first and the anterior two-thirds of the second 
and third lefi frontal convolutions ; the posterior third of the 
second and third left frontal convolutions were slightly impli- 
cated; the motor area was not involved. 


J. M., aged 52, publican, was seen with Dr. MacGibbon on 
March 92, 1892. ` 2 

Duration. Was quite well until three months ago; since 
then has suffered from headache, mental apathy, loss of memory, 
drowsiness, flushings of the face, Ze, 

General Symptoms. Headache (very severe, chiefly frontal) ; 
no vomiting ; no giddiness; no tenderness on skull percussion ; 
drowsiness; semi-comatose condition; incoherence of speech; 
answers questions in monosyllables; talks nonsense ; involuntary 
micturition and defmeation; double optic neuritis. Pulse 45; 
temperature 98°. 

Speech. Motor aphasia appears to be present, but this point 
is difficult to determine owing to the drowsy, apathetic conditio 
of the patient. 
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Motor Symptoms. . None. : 

Knee-jerks. Not obtained ; but I ‘speak with hesitation on 
this point; the patient was a very big, fat man, lying in bed in 
a semi-stupid: condition, and the knee-jerks were consequently 
very difficult to examine. 

Subsequent Progress. Patient died the day after my visit,'in 
a condition of coma. ` 

Post-moriem Appearances. Great increase of intracranial 


“u pressure. Left frontal lobe markedly larger than the right; it 


contained a large glio-sarcomatous tumour which had destroyed 
the parts enumerated in the heading (see fig. 6). 


a @ 





Fia. -6. 


Left hemisphere of the brain in the case of J. M. (Oase 6), donis the 
position of the tumour. 


Remarks. In this case mental symptoms were very 
marked; motor aphasia appeared also to be present in 
the later stages of the case. 


(B.)—Casus IN WHICH THE FRONTAL LOBE was  INvorvED 
ALONG WITH OTHER PARTS. 


Case ". (Case 6 in the Table). Large sarcoma springing from 
the dura, causing extensive atrophy and destruction of the 
right ascending frontal and ascending parietal convolutions,. 
the inferior and middle frontal convolutions, the outer half of 
the island of Reil and the anterior end of the temporo-sphe- 
noidal lobe. No paralysis. 

M. D., aged 20, single, shop-girl, admitted to the Newcastle- 
on-Tyne Infirmary on January 5, 1877, complaining of headache, 
vomiting and giddiness. These symptoms thought to be due to 
“ biliousness.”’ i 
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Previous History. Eleven years ago, received a head injury. 
For the past three years has suffered from headache. Hight 
months ago, the headache became more severe and the patient 
began to vomit. Two months ago, she had to give up her 
situation on account of these symptoms. She has more than 
once tumbled off her chair, she thinks because of giddiness. 





t 


Fie. T. 
Right qux peril of the brain in the onse of AL D. (Case 7), showing the 


Sd. of the lesion. 


General Symptoms. Headache very severe; worst at night, 
frontal and vertical; vomiting frequent; giddiness frequent; 
double optic neuritis, very marked in degree. 

Mental Symptoms. None except that the patient is much 
quieter than she used to be. 

Speech. No defect. 

Motor Symptoms. Absolutely none. 

Kuee-jerks. Not examined^ 

Subsequent Progress. Tmproved under large doses of iodide 
. of potassium. 

On February 6, 1877, died in an epileptic fit. 

Post-mortem Appearances. Bone over the right motor area 
distinctly thin. The dura mater adherent on the right side 
over the inferior frontal and inferior parietal areas. Great 
increase of the intracranial pressure; the convolutions of both 
hemispheres were much flattened and the sulci effaced. A large 
sarcomatous tumour, which measured from before backwards 
8 inches, from above downwards 3 inches, and from without 
inwards 14 inches, sprang from the dure on the right side and 
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had destroyed the areas of the cortex enumerated in the 
heading (see figs. 7, 8, 9.and 10). 

The brain and tumour were exhibited in the Pathological 
Museum of the Edinburgh Meeting, 1898. ` 





Dro 10. 


Transverse vertical sectión through the right hemisphere of the brain, 


in the case of M. D. (Case 7), showing the tumour after section, and the - 


depression in the brain tissues produ by it, (Copied from a photograph 
and somewhat reduced in size.) . p 

The latter A points to the tumour. 
E: The letter B is placed on the inner (left) mde of the right hemisphere, 
which has been separated from the opposite (left) hemisphere by a section 
from before backwards in the middle line, 


Remarks. In this case a very large portion of the- 
right motor area (ascending frontal and parietal convolu- 
tions) of the adjacent (2nd and 8rd right) frontal convolu- 
tions and the anterior end of the right island of Reil were 
completely destroyed, and yet there were no localising 
gymptoms—absolutely no paralysis. 
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Case 8. (Case 7 in the Table). Six tubercular tumours of consider- 
able sise tn different parts of the cerebral hemisphere : (1) which 
measured A in. by 4 in., situated in the first left frontal 
convolution ` (2) which measured $ in. by $in., in the tip of 
the left occipital lobe ; (3) which measured 14 ins. in diameter, 
an the head of the left corpus striatum; (4) which measured gin. 
by A in., 4n the right angular gyrus; (5) which measured 1} ins. 
by A in., in the left gyrus fornicatus ; (6) which was rather 
larger San the preceding, situated in the right gyrus Tos 
micatus. 


J. W., aged 5, admitted to the Newcastle-on-Tyne Infirmary 
on February 27, 1877, suffering from headache and vomiting. 

Previous History. Patient received a severe injury to his 
head two years ago. For the past three months has suffered 
from headache and vomiting. ` 

General Symptoms. Headache (very severe, frontal, usually 
worse at night); vomiting ; double optic neuritis very marked ; 
voracious appetite. 

Localising Symptoms. Impairment of sensibility to touch and 
pain over the greater part of the body. The left wrist-joint, 


> which is in a state of tubercular disease, is not painful even 


when pressed and moved. 

Mental Symptoms. None’ observed at the tire’ of the patient’s 
admission to hospital; he was a sharp, intelligent boy. Later, he 
became dull, stupid and then drowsy. 

Motor Symptoms. No paralysis except internal strabismus 
of the left eye. 

Kneo-jerks not examined. 

Subsequent Progress. On July 5, the patient had a series of 
general epileptiform convulsions in which the left side of the 
body was chiefly affected. During his stay in hospital, optic 
atrophy with blindness developed. He became stupid and drowsy. 

On August 21, 1877, seven months after admission to hospital, 
he died. 

Post-mortem Appearances. Scalp, bones and membranes were 
natural. Convolutions were much flattened and the sulci 
effaced. The brain weighed 2 Ibs. 144 ozs. On cutting into the 
cerebral substance, tubercular nodules were found in the situations 
enumerated in the heading. A large, dry, caseous mass was 
present in the lower lobe of the left lung. Some recent grey 
tubercles throughout the left lung and in the apex of the right 


Jung. The left SESCH Was in a state of tubercular ee 


tion. 
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Remarks. In this case, six tubercular tumours of con- 
siderable size were situated in different parts of the 
-cerebrum (see heading), and, except that sensibility to touch 
and pain were, markedly impaired (probably as the result of 
, destruction of parts of both gyri. fornicati), no definite 
localising symptoms were observed. 


Case 9. (Case 19 in the Table). Large glioma and cyst $n the left 
hemisphere, causing complete destruction of the greater part of 
the left ascending frontal and ascending parietal convolutions 
and the subjacent white matter, the posterior end of the third 
left frontal convolution and the greater part of ihe white 
matter of ` the left frontal lobe. No motor paralysts till four 
days before death. No aphasia. 


AM. R., aged 29, eat, single, right-handed, admitted ‘to 
' the Edinburgh Royal Infirmary on February 6, 1897, suffering ` 
from symptoms suggestive of hysteria or & cerebral tumour. 

Previous History. As a girl, the patient suffered from attacks 
of petit mal. Two years ago, after the sudden death of her 
mother, she began to suffer from, fits, some of which were 
hysterical and others epileptiform ih character. The epileptiform 
attacks commenced with a tingling in the right hand and right . 
leg. Hight weeks before admission, the patient had an attack of 
influenza, and since this, attack has been confined’ to bed for the 
greater part of the day. Three weeks before admission, she, for - 
the first time, complained of headache; it was very severe and 
referred to the left side of. the head and face; of vomiting and 
dimness of vision. She was nervous and distinctly hysterical. 
Four days before admission to hospital, she complained of slight 
weakness in the right hand, but no definite loss of power was 
noticed until two days before admission. On the day of her 
admission to hospital it was noticed that there was slight 
„dragging of the right leg. , 

For the past month, the patient has been in & peculiar mental 
condition, and was thought both by her friends and medical 
attendant to be hysterical. 

Condition on. Admission. Patient was in a stupid, dazed, and 
apparently hysterical condition. There was slighi weakness of 
the right orbicularis palpebrarum, but no other obvious paralysis. 
She frequently put her right hand up to her head. She resisted 
vigorously with the right as well as with the left arm while the 
optic dises were being examined with the ophthalmoscope. She 
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spoke very little and chiefly in monosyllables. Double optic 
neuritis was marked. 

Speech. No speech defect except feebleness of articulation 
had been noticed before her admission to the hospital. 

Knee-jerks, plantar and conjunctival reflexes were normal and 
equal on the two sides. 

Diagnosis. An intracranial tumour; situated in the left 
hemisphere; nature probably gliomatous. 

There were no localising symptoms except the facts -—That 
the headache before admission had been left-sided; that two 
days before admission to hospital there had been slight weakness 
of the right arm ` that on the day of her admission to hospital 
there had been slight dragging of the left leg; and that as the 
result of my examination slight weakness of the right orbicularis 
palpebrarum muscle was found to be present. I could not 
satisfy myself that there was any paralysis of the arms or legs. 


il 


ih | 








Fra. 11. 


Transverse vertical soction through the brain in the case of AT. R. (Case 
9), showing the position and extent of the tumour. 
The extent of the tumour 1s shown by a black line. 


Subsequent Progress. The patient died in a convulsion the 
night after her admission to hospital. 

Post-mortem Appearances.—BHoalp, skull-cap and membranes 
normal. Convolutions greatly flattened and sulci effaced, espe- 
cially over the left hemisphere. The left parietal and frontal 
lobes considerably larger than the right. A large gliomatous 
tumour, in which there were several cysts, had infiltrated and 
destroyed the lower half of the left ascending frontal and parietal 
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convolutions and the white matter passing down from these 
convolutions to the internal capsule; the posterior end of the 
second and third left frontal convolutions and their subjacent ` 
white matter; the left island of Reil and the left external 
capsule (see fig. 11). The lenticular nucleus was infiltrated and 
displaced downwards and inwards, its grey outline being still 
recognisable. The grey matter of the left third frontal convolution 
was not completely destroyed, but the white matter immediately 
subjacent to it was completely infiltrated and destroyed. The 
upper half of the motor cortex was not direotly affected, but the 
conducting fibres passing from the leg and upper arm centres to 
the internal capsule were markedly compressed and displaced 
inwards, i.e., to the right. 

The other parts of the brain were absolutely normal. Sections 
of the brain, showing the tumour, were exhibited in the Patho- 
logical Museum of the British Medical Association at ‘the 
Edinburgh Meeting, 1898. ` 

Remarks. In this case, in which a very large gliomatous 
tumour with cystic formation had invaded and completely 
destroyed the lower half of the left ascending frontal and 
ascending parietal convolutions and the subjacent white, 
. matter, there was practically speaking no paralysis. The 
greater part of the posterior end of the third left frontal 
convolution and the whole of its subjacent white matter 
were infiltrated and destroyed, and yet there was no motor 
aphasia, The patient was right-handed. 


Tremporo-SPHENOIDAL LOBE. 


In the next two cases (10 and 11) the tumour involved 
the temporo-sphenoidal lobe as well às the frontal lobe. In 
Case 10, the tumour, which apparently had commenced in 

.the left temporo-sphenoidal lobe, had ultimately extended 
to the left frontal and left occipital lobes. In Case 11, two 
separate tumours were present—one in the right temporo- 
sphenoidal and the other in the left frontal lobe. 

The first case (Case 10) is of great importance, because 
the first and second left temporo-sphenoidal conyolutions 

were completely cut off by destruction of their subjacent 
white matter from the other parts of the brain, and the 
third left frontal convolution and its subjacent white matter 
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. were entirely destroyed; and yet there was no word-deafness 
and no motor-vocal aphasia. 
I may here state that in another, case of tumour which 
I examined post mortem some years ago, but which was 
not under my own care during life; a large glio-sarcomatous 
tumour had entirely destroyed the posterior half of the first 
and second left temporo-sphenoidal convolutions, in a right- 
' handed person, without the production of word-deafness. 
That. patient, who was right-handed, suffered from symptoms 
which were suggestive of hysteria. 


The notes of Cases 10 and 11 are as follows :— 


Case 10. (Case 22 in the Table). Enormous gliomatous tumour 
involving and destroying the greater part of the left frontal 
and temporo-aphenoidal lobes, and a large part of the left 
occipital lobe. No aphasia. 

W. S., aged 32, labourer, was sent to me by Dr. Sym as an 
out-patient at the Edinburgh Royal Infirmary on December 8, 
1896, suffering from double optic neuritis and partial right-sided 
homonymous hemianopsia. 

Previous. History. The patient, who is a right-handed man, 
was quite healthy till tvo-und-a-half years ago. He then had an 
epileptic fit. The epileptic fits have continued on an average 
once a month since; they are general and are not preceded by 
&n aura or any ‘definite localised commencement. For the 
past two-and-half years, the patient has at times complained of 
slight headache. Three months ago, he fell down in the street, 
apparently as the result of a fit; he remained insensible for 
thirteen hours after this attack, and has not worked since. On 
. recovering from this attack he complained of dimness of vision 
in the left eye and pain over the right eye. Since this attack he 
has been duller and quieter than he was before; his memory has 
become impaired and he has been absent-minded. He has 
frequently complained of giddiness. 

Condition on Haamination. Marked double optic neuritis; 
partial right-sided homonymous hémianopsia; slight impairment 
of the power of convergence. 

, Speech Functions absolutely normal; no, word- Dese no 

word-blindness. ' 

Motor Functions: No paralysis except the defective con- 
vergence mentioned above. Knee-jerk Gs more marked on 
the right than on the left side. 
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' Diagnosis.. An intra-cranial tumour; situation left hemi- 
sphere, probably far back in the region of the occipital lobe. 
The only localising symptoms were partial right-sided homony- 
mous hemianopsia, the slight impairment of the power of con- 
vergence, the defective contraction of the pupils on convergence, 
and the slight increase of the knee-jerk on the right side. 

Subsequent, progress of the Case. December 30, 1896. The 
patient is duller mentally. The dimness of vision is more , 
marked. The hemianopsia appears to be $^ statu'quo. There 
ig slight paralysis of the right external and left internal recti 
muscles, and defective convergence of the left eye. 

During the next three months, the patient continud to suffer 
` from frontal headache and occasional epileptiform attacks. His 
mental condition became worse, his memory more impaired. 
He became duller and more stupid. On several occasions he 
failed to recognise friends in the street (psychical blindness). 
His sight became more impaired. 

In June 1897, the headache was more severe, frontal. The 
mental dulness and stupidity were much increased. Sight was 
worse. The gait was distinctly staggering. , 

On June 20, 1897, he was admitted into the Edinburgh Royal 
Infirmary. He was very dull and stupid. Could give little or 
no information about himself. Hearing appeared to be slightly 
defective in both ears. Speech: There was no word-deafness 
and no motor-voeal aphasia. When asked how old he was, 
where he was born, what his occupation was, where he lived and 
where he was at the present time, he was unable to answer 
correctly ; but he answered ordinary questions, which did not 
involve any effort of memory, at once and quite well; he seemed 
to have no loss of words. The most careful enquiry failed to 
elicit any evidence of word-deafness or of motor vocal aphasia. 
There were, in fact, no aphasic defects (word-blindness, word- 
deafness, or motor-vocal aphasia) during the whole course of the 
case. Sight was ntl in the left eye and very slight in the right ; 
consequently, at this stage his power of reading and writing 
could not be tested. Inability to write appeared chiefly to be 
due to loss of vision, partly perhaps to the weakness and irfco- 
oydination of the right hand which were present, and partly to 
the fact that he could not concentrate his attention and make the 
mental effort required. Smell seemed to be normal in both 
nostrils, Sensibility to touch, pain, heat and cold normal, except 
that there was slight difficulty in localising tactile impressions 
correctly over both legs. 
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Motor Functions. Distinct loss of power in the right side of 
the face, in the right arm and in the right leg. Grasping power 
: &8 measured by the dynamometer—right, 70; left, 105. 

Reflex Functions. Right knee-jerk increased, left diminished. 
Oremasteric reflex very active on the left, absent on the right 
side. Freces passed in bed, apparently as the result of the 
mental dulness ; has some control over the bladder. 

September b, 1897. Right- sided hemiplegia more marked, 
Mentally duller. Otherwise in statu quo. 

It was decided to trephine over the left frontal lobe with the 
object of relieving the increased intra-cranial pressure. The 
profound mental symptoms suggested that the tumour involved 
the frontal lobe; but the partial right-sided homonymous 
hemianopsia which was present at the commencement of the 
case was suggestive, as has already been stated, of a lesion in 
the left occipital lobe: The right-sided hemiplegia showed that 
the motor area or conducting motor tracts in the left hemisphere 
were implicated. It was obvious, therefore, if the frontal lobe 
was involved, either that the tumour was of very great size or 
that there was more than one tumour. 

September 9. Mr. Stiles trephined over the left frontal lobe. 
Scalp, skull cap and membranes were normal. The intra- 
cranial pressure was enormously increased. No tumour was 
found. (Post-mortem examination showed that the tumour 
involved the frontal lobe just below the trephine opening.) The 
patient recovered satisfactorily from the immediate effects of the 
operation; a cerebral hernia, however, formed at the seat of the 
trephine wound. The patient’s mental condition did not improve 
after the operation, but he was able to move his right leg a little 
better than he could before the operation. A few days after the 
operation a large quantity of cerebro-spinal fluid soaked through 
the dressings, and large quantities continued to soak through 
until the date of the patient’s death, October B, 1897. After the 
operation the patient became very thin and took little food. 

Post-mortem Appearances. Trephine wound over the upper 
part of the left frontal lobe. Hernia cerebri surrounded by 
localised meningo-encephalitis. Great increase of the intra- 
cranial pressure. Convolutions flattened, sulci effaced. Left 
hemisphere of the brain much larger than the right and occupied 
by an enormous gliomatous tumour, which involved the left 
frontal, temporo-sphenoidal and occipital lobes, The tumour 
extended from within a quarter of an inch of the tip of the left 
frontal lobe right back to a point one inch in front of the tip of 
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' the left occipital lobe. The second and third left frontal convolu- 
tions and their ‘subjacent white matter were entirely destroyed. 
The whole of the white matter of the left temporo-sphenoidal 
lobe was entirely destroyed. The grey matter of the left 

` temporo-sphenoidal lobe was almost entirely; but not completely; 
destroyed; the connections of the grey matter of the first and 


' Operation lesion ^ * 
ye 





1 
Tumour 


Bro, 12. 


Transverse vertical section through the frontal lobes of the brain in the 
:easo of W. B. (Case 10), showing the position of the tumour and of the lesion . 
_ ‘{cerebritis) which resulted from the operation of trephining. : 


oY 








* Fra. 18. 


Transverse vertical section through the middle of the brain in the case of 
y B. (Case 10), ahowing tho extent of the tumour in the temporo-sphenojdal 
obe. 
The limits of the tumour are represented by a black line. 


second left temporo-sphenoidal convolutiong.were entirely cut off 
by the tumour in the substance of the ‘lobe (see figs. 12 and 18). 
A large part of the white matter of the anterior two-thirds of the 
left occipital lobe was completely destroyed by the new growth. 


` 


ON THE LOCALISATION OF INTRACRANIAL TUMOURS 31 


The parts specified above were not merely infiltrated with 
gliomatous tissue, but were entirely disorganised and destroyed. ` ` 
Sections of the brain were exhibited in the Pathological 
Museum of the Edinburgh Meeting of the British Medical 

Association, 1898. : 


Remarks.—In this case, in which the third left frontal 
convolution and its subjacent white matter were completely 
infiltrated and destroyed, and.in which the greater part of 
the grey matter of the first and second left temporo- 
sphenoidal convolutions and the whole of their subjacent 
white matter were completely infiltrated and destroyed by 
the new growth, arid was no motor-vocal aphasia and no 
word-deafness. 

The extensive destruction of the left temporo-sphenoidal 
lobe was attended with no localising symptoms, unless the 
deafness (partial and bilateral) was—and this seems probable 
—due to this cause. 

The loss of memory and the mental intulit were 
very marked, and suggested & lesion of the frontal lobe. 

The partial hemianopsia and the psychical blindness 


suggested a lesion of the occipital lobe. 


Case 11. (Case 37 in the Table). Glio-sarcomatous cyst in right 
temporo-sphenoidal lobe, and a gliomatous tumour, with recent 
haemorrhage, the size of a large walnut $n the posterior end of 
the second left ‘frontal convolution. 


X. Y., aged 68, .&xcise officer, seen December 23, 1898, 


' complaining of headache, giddiness:and dimness of vision. 


Previous History. Six months ago the patient was suddenly 
seized with a sharp pain, as if he had been struck with a stone, 
behind the right ear. He was quite well previously. He has, at ' 


. times, suffered from the same pain since; afid the headache, 


giddiness and dimness of vision have since developed. 

General Symptoms. Headache (intense, right-sided, deep and 
internal); also shooting, superficial, neuralgic pains referred to the 
right side of the head and the lobe of the right ear; no vomiting ; 
giddiness very marked; dimness of vision marked (is unable to 
read any test types at 18 feet). Double optic neuritis very 


marked. 


. Mental Symptoms. Absolutely none. 
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Speech Symptoms. None. 

Motor Symptoms. None. 

Knee-jerks equal and normal on ‘the two sides. 

Diagnosis. An intracranial tumour, probably in some part 
of the right hemisphere (because of the locality of the pain). 
Absolutely no other localising symptoms. 

Subsequent progress of the Oase. March 20, 1894. Rather 
better. Neuralgic pain less. Complains of pain, numbness and 
coldness behind the right ear and down the right side of the 
neck. Optic neuritis distinctly less ; sight somewhat clearer. 

In April, 1895, spat up a considerable quantity of bright fluid 
blood. 

_ May 28, 1895. Gave a somewhat exaggerated statement of 
the amount of blood which he had spat up. Is in a restless 
mental condition. Sight greatly improved ` says that he is “ able 
to play a fair game at golf." For the past year, has had little or 
no headache or giddiness. Still complains of a numb, cold feeling 
behind the right ear. The optic neuritis has quite disappeared, 
leaving sli£ht neuritic atrophy; his sight is dim, but he has no 
difficulty in reading and writing (tested by myself). 

In April and May, 1896, had three epileptiform attacks. 

June -18, 1896. Had another severe fit yesterday. The 
onset of the attack was preceded by an aura of jargon-reading 
(he was reading aloud to his daughter at the time and suddenly 
commenced to read a lot of nonsense and jargon which she could 
not understgnd), and by dimness of vision; he lost consciousness; 
there were no spasms. The attack was followed by complete 
temporary motor aphasia, word-blindness and agrapbia. 
l On examination, June 18, 1896, I found the patient in a dazed 
: and confused mental condition. He knew Dr. Menzies, but did 
not know me. There was no word-deafness. There was slight 
motor aphasia (he used some wrong words); but he answered 
most questions which were put to him quite correctly. There 
was distinct word-blindness and some, agraphia. He could not 
read his own mame; could not read the letter a. When asked 
to write his name, wrote his Christian name correctly and his 
surname incorrectly, and then read what he had written as his 
own name. Could not read his name (when written correctly) 
a few minutes afterwards. There did not appear to be. any 
hemianopsia, but owing to the confused mental condition of the 
patient it was difficult to determiné this point with certainty: 
There was no paralysis. . The knee-jerks were equal and normal. 

On August 4, had another fit. 
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For some weeks after this attack, the patient improved. 

On August 29, was very well; took a ce and walked two 
miles of the way home. . 

After this date, he got worse; suffered pus headache and 


fearful giddiness. While in bed during the first half of September, 


he wrote a few short business communications and read the 
newspaper. After this date, he did not write at all, was unable to 
sign his own name (to draw a cheque). His doctor thought that 
thé inability to write was due to dimness of vision, but this 
is perhaps doubtful. Did not read. At times he became very 
excited (‘‘pranced round the room in his nightshirt,” &o.); 


at times was mentally bright, at other times seemed almost in a 


condition of dementia. There was never any motor paralysis; 


' he could hold a pen quite well. 


‘Two days before death he became rapidly worse (semi- 
comatose); and it was apparently at this date that the recent 
hemorrhage, described above, occurred. 

He died on October 22, 1896. 

Post-mortem Appearances, Scalp, skull-cap and*dura were 
normal, There was no meningitis. The vessels were healthy. 
The convolutions on both sides of the brain, but especially on 
the left side, were moderately fattened and the sulci to some 
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Left hemisphere of the brain in the case of X. Y. (Caso 11), showing the 
position of the tumour. ' 


extent effaced. The middle part of the second right temporo- 
sphénoidal convolution had a yellowish appearance, as seen from 
the outside, as if from internal softening. In the right temporo- 
sphenoidal lobe there was a slit-like cavity (cyst) measuring two 
inches in length by half an inch in breadth at the thickest 
part. This cavity was surrounded by condensed brain tissue, 
which on microscopical examination was found to be gliomatous 
in character.. 
VOL. XXI. , Ex 3 
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A recent he morrhagie extravasation the size of a large walnut 
was situated in the posterior end of the second left frontal con- 
volution. On microscopical examination, the hemorrhage was 
found to be poured out from the vessels of a gliomatous tumour. 
The tumour and hmmorrhage were sharply localised to the 
posterior end of the left frontal convolution (see fig. 14). The 
third left frontal convolution and the subjacent part of the motor 
area (left ascending parietal convolution) were not implicated. . 
There was no lesion of the left angular gyrus or supramarginal 
convolutions. The other parts of the brain were healthy. 

, The lungs and heart were healthy. No intrathoracic cause 
for the hæmoptysis was found. $ 

Remarks.—lhere is every reason, I think, to suppose 

-that in this case the lesion (gliomatous tumour and cyst) in ` 

- the right temporo-sphenoidal lobe was the first to develop, 
-and that the tumour in the second left frontal convolution 
‘was only developed in the later stages of the case. Until 
shortly before the patient's death, there were absolutely 
no localising symptoms (unless the pain in the right side of 
the head and the numbness and coldness behind the right 
ear were due to the tumour in the right temporo-sphenoidal . 
lobe). The general symptoms of an intracranial tumour . 
(headache, giddiness and double optic neuritis) were, how- 
ever, marked from the first. 

In the later stages of the case, more definite localising 
symptoms were developed, viz; epileptiform attacks, one 
.of which commenced with jargon-reading and was followed 
by temporary motor-vocal aphasia, word-blindness and 
acraphia. During the last six weeks of his life the patient 
was unable to read and to write; his medical attendant 
thought this inability was due to loss of vision, but the . 
correctness of this opinion îs, perhaps, doubtful. The 
agraphia was certainly not due io motor paralysis; the 
patient could hold a pen quite well. The question, of course, 
arises whether the agraphia was not directly due to the very 

. localised lesion (tumour) in the posterior end of the second 
left frontal convolution (Exner’s writing-speech centre), and 
whether the word-blindness was not’ indirectly due to the 
same lesion. It is, of course, impossible to answer the 
question, either one way or the other, with certainty; but 
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the possibility of the agraphia.and word-blindness being 
due to this cause (destruction of Exner’s writing-speech 
centre) must be ‘entertained; and in ‘this connection it 
must be remembered that in Case 4, in which the posterior 
-end of the second left frontal convolution was completely 
destroyed by a tumour, and in which there was no agraphia, 
the destruction was very slow and chronic.: Personally, I 
see no reason to believe in the existence of a special 
. writing-speech centre, but I record the present case, 
which may perhaps be advanced in support of Exner's 
view, impartially and with an. open mind. 


BUMMARY oF THE LOCALISING SyMPToMS (IN THE CASES 
WHICH HAVE BEEN RELATED) SUGGESTIVE: OF A 
" TUMOUR IN THE FRONTAL LOBE. 


In seven of. the eleven cases in which the frontal lobe 
-was involved (viz., in Cases 1, 2, 6, 6, 9, 10, and 11), well 
marked mental symptoms were present; in the remaining 
four cases (viz., 3,.4, 7 and 8), there were no definite mental 
symptoms. Nevertheless, I am strongly of opinion that 
_ tumours localised in the frontal lobe are more apt to be 

attended with well marked mental symptoms (mental 
enfeeblement, loss of memory, loss of the power of atten- 
tion, change in disposition, irritability, taciturnity, obsti- 
nacy, incoherence and rambling of speech, delusions of 
suspicion, Ze) than localised tumours in any other part 
of the cerebral hemispheres. 

In Cases 1 and 2, in which the tumour involved identical 
parts of the frontal lobe (in Case 1 the right: and in Case 2 
the left frontal lobe being the seat of the tumour), the 
mental symptoms were practically the same, viz., a marked 
change in disposition and temper; at times, both patients 
were irritable and .obstinate, at other times, sullen, stupid 
and depressed ; in both cases, memory was markedly im- 

` paired; and in both cases there was grinding of the teeth 
during sleep. 

In one Case (5),a marked tendency of the head to fall to 
the opposite E was noted. : ; 
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Tumours in the posterior end of the frontal lobe fre- 
quently (by pressure on, or implication of, the motor fibres 
. passing from the motor cortex to the internal capsule) 
produce loss of power on the opposite side of ‘the body 
(Cases 1, 2, 8, 5,); the loss of power sometimes affects 
both legs, and ‘in some cases the loss of power frequently 
recurs as a temporary condition—sudden giving way of the 

leg or legs (Case 1). 
' Tumours on the surface of the posterior end of the 
frontal lobe may, by irritation of the adjacent motor cortex, 
produce Jacksonian epilepsy (Case 8). 

Tumours in the posterior end of the left frontal lobe, 
which involve the motor-speech centre, may produce motor- 
vocal aphasia (Cases 5 and 7), but the motor-vocal speech , 
centre or its subjacent white matter may be entirely i 
destroyed by & tumour without any mator aphasia (Cases 
9 and 10). 

In Case 4, complete but slow destruction of the posterior ' 
end of the second left frontal convolution was not attended 
with any agraphia; in Case 11, destruction of the posterior 
end of the second left frontal convolution was (perhaps) 
attended with agraphia and some word-blindness. 

A voracious appetite was present i in one case (8). - 

The general symptoms which result from tumours of the 
frontal lobe are in no way peculiar. 

In the 11 cases detailed above headache was present in 
10 (and not noted in'l casó); in 7 of the 10 cases the head- 
ache was very severe. In 8 cases the headache was frontal; 
in 2 cases, frontal and vertical; in 1 case, frontal and 

occipital; in 1 case, frontal and parietal ; in 1 case, frontal 
and temporal; in 1 case, referred to the right side of ‘the 
head and face (the side of the tumour); and in 2 cases 
the locality of the headache is not noted. - 

Vomiting is perhaps less frequent and I think usually 
less severe than in tumours situated further back. In the 
` TL casés recorded above, vomiting was present in 6 (marked 
in 5, slight in 1) and absent in 5 cases. 

Giddiness was present in 6 cases (marked in 6, slight in 
1); absent in 2 cases, and not noted in 2' cases. 
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Optic neuritis was present in 9 casés ‘(marked in 7, 
, slight or moderate in 2); ; in one case the optic neuritis was 
much more marked in one eye (that on the side of the 
tumour); absent in 1-case and not noted in 1 case. 
` General epileptiform convulsions occurred in 6 cases ` and ' 
localised spasms (Jacksonian epilepsy) in. 2 cases; in the 
remaining 3 cases there were no spasms or convulsions. 
Condition of the kneejerks. In 5 of the 11 cases the 
condition of the knee-jerks was not noted (these cases ‘all 
. occurred more than twenty years ago) ` in 3 cases the knee- 
jerks were equal and normal on the two sides; in 1 case, in 
which the tumour was situated in the left frontal lobe 
(Case 5), the knee-jerk was feeble on the right, and active 
on the left side; in 1 case, in which the tumour involved 
the left frontal, temporo-sphenoidal and occipital lobes 
(Case 10), the knee-jerk was increased on the right and 
diminished on the left side. 


SUMMARY OF THE TiOCALISING SYMPTOMS (IN: THE CASES 
‘WHICH HAVE, BEEN RELATED) DUE TO A TUMOUR IN 


THE "TEMPORO- SPHENOIDAL Loss. 
i 


. In both of the cases (10 and 11) in which the tumour 
involved the temporo-sphenoidal lobe there were, practically 
speaking, no localising symptoms; and I have been in the 
habit of regarding’ the temporo-sphenoidal lobe as par’ 
excellence the silent area of the brain. So far as my ex- 
perience enables, me to judge, localising symptoms are 
most certainly aud obviously produced in those cases of 
intra-cranial tumour in which the tumour is situated at the 
base of the brain, and in which the cranial nerves at their 
point of origin from the nervous tissues are directly 
involved by the new growth. Then, mp the relative order 
with which they can be most easily and certainly diagnosed 
(i:e., in which the' localising symptoms are most certain and 
‘constant), I would place tumours in the following situa- 
tions :—(2) pons Varolii and medulla oblongata; (8) centrum 
‘ovale (cases in ‘which the fibres‘ of the internal capsule 
or the optic radiations of Gratiolet are directly implicated) 


t 
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(4) tumours of the occipital lobe, involving the half-vision 
centre or the optic radiations of Gratiolet; (5) tumours of 
the motor area, in which the tumour produces irritation 
and gives rise to localised epileptiform convulsions; (6) 
tumours of the cerebellum ; (7) tumours of the frontal lobe; 
(8) tumours of the upper part of the parietal lobe Ge, 
tumours which do not involve the angular gyrus or its ` 
subjacent white matter); and last of all, the most difficult 
to diagnose and locate, (9) tumours of the temporo- 
sphenoidal-lobe, and especially, of. course, tumours of ue 
right temporo-sphenoidal lobe. 

I need hardly say that this is merely a | classification. 
Tumours of the central lobe of the cerebellum, for instance, 
can usually be located and diagnosed with great certainty. 
The same statement probably also applies to tumours 
involving the left angular gyrus (in right-handed people). 

In Case 10, there was some impairment of hearing in 
both ears. In Case 11, the patient complained of pain, 
numbness and coldness behind the right ear (the side of 
the tumour);. this was perhaps a localising symptom. 
Tumours of the left temporo-sphenoidal lobe may of course 
give rise to word-deafness, but this symptom was not 
present in Case 10, in which the left temporo-sphenoidal 
lobe was, practically speaking, completely destroyed. i 


IsnaND oF Raul. 


In addition to Cases 9 and 10, in which the tumour 
involved the left island of Reil, I have met with one other 
case im which the island of Reil (on the right side) was 
destroyed by a tumour. The notes are as follows :— 


Case 19. (Case 18 in the Table). Two gliomatous tumours— 
(1) involving the left centrum ovale, and (2) the right island 
of Reil, lenticular nucleus and adjacent parts. 

M. P., aged 68, female, nurse, a right-handed woman, 
admitted to the Edinburgh Royal Infirmary on September 25, 
1896, suffering from loss of power in the right arm and leg, 
numbness in the right side of the body, headache, giddiness and 
, occasional dimness of vision. 


H 
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Previous History. Has suffered from headache for ‘five 
weeks. Numbness and loss of power. in the right arm com- 
menced three weeks ago; it first affected the shoulder and 
gradually extended down the arm; and then affected tho leg. 

General Symptoms. Headache; occasional giddiness; optic 
neuritis present (verified on post-mortem examination). '- 

' Motor Symptoms. Complete loss of power in the right arm, 
` partial loss of power in the right leg. No paralysis of tbe right 
side of the face. 

Knee-jerks both exaggerated. 

Sensibility. Some impairment of tactile sensibility on -the 
right side of the body (arm and leg) Sight good. No 
, hemianopsia. M 

Speech. The articulation a little thick, but no aphasic defect. 

On September 28, 1896, patient took what she termed ‘a 
funny turn,” shivered but did not feel cold; there was no rise in 
temperature ` she felt in a nervous peculiar state. During the 
attack, twitchings were observed in the upper part of the right 
arm, the right side of the chest and the right side of the abdomen. 
There was no loss of consciousness. The nurse said that ‘she 
had difficulty in speaking during the seizure. The attack was 
not followed by any increase of the paralysis. Sight was dim 
for two hours after the attack. At.8 p.m., she complained of 
severo headache, frontal, affecting both sides. At 9.80 p.m., she 
voinited and there was distinct difficulty of articulation and in 
expressing herself. At 11 p.m., she was stupid and seemed 
to have diffioulty in understanding what was said to her, and 
in answering questions, but there was no defect of articulation. 

October 19, 1896: Did not answer the House-Physician at 
his evening visit. 

October 18, 1896. Has a distressed look; cannot be got to 
answer any questions; complete motor aphasia; appears to 
understand everything that is said'to her and makes signs intelli- 
gently in answer to the questions which are put to her, but does 
.nob speak. The left side of the face is paralysed. ' 

October 16, 1896. The paralysis of the left side of the face ig 
more marked. Temperature 101°. 

October 18, 1896. Looks rather better. Answered some 
questions to-day intelligently, but for the most part in mono- 
, syllables. In anéwer to the remark, ‘‘ Glad you are better,” 
answered, “ Yes”; in answer to the question, * Have you any 
pain?” answered, “No”; in answer to the question “Is your 
arm feeling any stronger?" answered “ A little better.” 
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October 19, 1896. The left side of the body became rigid, and 
the patient passed into a condition of coma. Both arms appear 
to be paralysed. Hyeballs, while at rest turned to the right; 
nystagmoid jerkings of the eyeballs to the left, with slow return 
to the middle line, were present; pupils equal.and dilated; they 

.reaob to light; conjunctival reflex present. Pulse and respira- 
tions both very rapid. Some difficulty in swallowing. . 

October 28, 1896. Patient died. The temperature ran up to 
a high point just before death. For eighteen hours before death, 
the respirations numbered 70 per minute. 

Post-mortem Appearances. Scalp, skull-cap and E 
flattened and sulci effaced. Weight of the brain == 8 lbs, 4 ozs. 
Arteries at the base normal. On cutting up the brain, a glio- 
garcomatous tumour; measuring 12 in. by lin. in breadth, was 
present in the white matter of'the left centrum ovale, just in 
front of the left angular gyrus. , 

In the right hemisphere, & recent hemorrhage whioh subse- 
quent microscopic examination showed had been poured out 
from the vessels of a gliomatous tumour, had almost completely 
destroyed the lenticular nucleus and the anterior part of the right 
internal capsule. In front of the hemorrhage a mass of glio- 
matous tissue involyed the caudate nucleus and the greater part 
of the island of Reil and its subjacent white matter. . There were 
numerous small hemorrhages in the gliomatous tissue which 
infiltrated the island of Reil. n 


Remarks. The most important point in this. case, ‘so 
far as the present discussion is concerned, is that a tumour ' 
with hemorrhage in the right island of Reil and adjacent 
parts produced motor aphasia, which would. no doubt, if the 
patient bad lived, have been merely temporary. I have met 
with other cases in which a sudden lesion (hwmorrhage, 
&c.) in the region of the right motor-vocal speech centre 
has in right-handed persons produced temporary motor- 
‘vocal aphasia. l 
i OCCIPITAL LOBE. 

In my experience tumours are comparatively rarely met 
with in the occipital lobe. Two cases only, verified by 
post-mortem examination (in addition to Cases, 8 and 10, 
which have already been detailed), have been under my own 
observation during life. The notes are as follows :— 


“ 
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Oase 18. (Case 1l in the Table). Sensory (visual) Jacksonion 
epilepsy, due to the presence of a cicatria, the result of an old 
syphilitic gumma on the outer surface of the posterior end of 
the left occipital lobe. 

W. G., aged 60, usher in a schoól, formetly a soldier, seen 
ab the Edinburgh Royal Infirmary on March 5, 1887, complain- 
ing of frequent flashes of red and white light in the right eye. 

Previous History. At the age of 94, the patient had syphilis 
(a serpiginous scar on the tibia, the result of an old syphilitic 
ulceration, is still present). The same year (1848) he received 
a severe head injury. In 1868, he complained of severe head- 
ache: limited to the back and top of the left side of the head; 
the pain was worse at night; at this time a swelling developed 


14 inches behind and slightly above the left parietal eminence, 


and he took an epileptic fit. He has had several epileptic fits 
since ; the third and fourth, which ocourred during the years 1883 
and 1884, were ‘preceded by flashes of light in the right eye. 
From 1877 up to 1887, when I first saw the patient, he continued 
at long intervals to have flashes of light in the right eye. The 
attacks ‘occurred on an average about once a year; each attack, 
which consisted of very numerous paroxysms, usually lasted for 
three or four weeks. The paroxysms occurred every five or ten 
minutes, and lasted from half & minute to three minutes; they 
consisted of flashes of light in the right eye; the' light was said 
to be red and white like a magic lantern. For some days after 
the attack the patient was unable to see to the right side (right- 
sided homonymous hemianopsia). 

Present Condition. "When the patient came under my obser- 


' vation he was suffering at frequent intervals from the paroxysms 


described above. The fields of vision were carefully mapped out 
with the perimeter (the charts have been published in my “ Atlas 
of Clinical Medicine,” plate xxxvi., figs. 3 and 4). They show 
right-sided homonymous hemianopsia both for white and colours, 
and some contraction of the sound (seeing) halves of the visual 
fields. During the paroxysms, the patient complained of a noise 
like a steam-engine in the left ear. The fundi were quite normal 
&nd there was no word-blindness. 4 ' 
Progress of the Case. Under treatment (iodide of potassium) 
the paroxysms and flashings soon subsided and the hemianopsia 
almost completely disappeared, the fields for white and green 
remaining somewhat contracted (see charts, “ Atlas of Clinical 
Medicine," plate xxxvi. figs. 5 and 6). The headache also 
completely disappeared. The patient was at the time suffering 
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from an epithelioma of the tongue, and operative proceduré 
(which would otherwise have been considered) was contra- 
. indicated. i 

*' The patient died several months after he first came under my 
observation. 


N 


Fra. 16. 


Left hemisphere of the brain in the case of W. G. (Case 13), showing the - 
position of the lesion. 


Post-mortem Appearances. The membranes were adherent 
over the outer surface of the anterior part of the left occipital 
lobe and over the adjacent surface of the cerebellum (gee fig. 15, 
also “ Atlas of Clinical Medicine," plate xxxvii, fig. 4). The 
brain substance was sclerosed and atrophied and had evidently 
at one time been the seat of inflammatory changes (syphilitic 
gumma, &o.). 

Remarks.—ln this case an irritative lesion (cicatrix of 
an old syphilitic gumma) on the outer surface of the 
posterior end of the left occipital lobe produced frequently 
fecurring attacks of sensory (visual) Jacksonian epilepsy— 
flashes of light referred to the right eye—followed by 
temporary sensory paralysis (Ge, right-sided homonymous 
hemianopsia). 


Oase 14. (Case 32 in the Table). Numerous melanotic sarcomatous 

‘tumours in the brain, one situated in the tip of the left 

occipital lobe, another in the middle lobe of the cerebellum, 
which was entirely destroyed. ` 


8. E. M., aged 26, oM single, seen on September 28, 
1886. 

Previous History. Patient has had a pigmented mole on the 
right shoulder all her life. After a direct injury (blow with a 
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stick) received about the age of 12 or 18, the pigmented mole 
. enlarged. In 1881, it was the size of a half-crown piece; it was 
then scraped. In 1885, it had returned and then formed a 
fungating tumour the-size of a walnut. On October 23, 1885, it 
,was excised. The patient remained well until July 26, 1886, 
when she began to complain of flashes of light in the eyes, 
intense headache and vomiting. i . 

Condition on September 28, 1886. General Symptoms. Head- 
ache (intense, especially on the right side) ` vomiting; giddiness ` 
double optio neuritis. 

Localisimg Symptoms. Patient suffered very frequently (50 or 
more in the twenty-four hours) from paroxysmal attacks lasting 
for five minutes at & time, from headache, flushing and flashes of 
light in the eyes; the light was said to be especially bright in the 
right eye; it had the brilliancy of an electric light, and varied in 





Fig. 16. Y 


Posterior end of the brain in the case of B. E. M. (Case 14), showing the 
position of the lesion (outlined by a black line). 


^ 
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size from a button to a large globe. During these paroxysms the 
patient stated that she was completely blind. After an attack, 
which I personally witnessed, passed off, there did nof appear, 
so far as could be determined by the rough: test, to be any 
hemianopsia. f ; 
‘Mental Faculties. Quite clear. No emotional or hysterical 
symptoms. í : Wed ' 
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Motor Symptems. Difficulty in directing the movements of 
the left arm. Knee-jerks active and equal. 

Diagnosts. Melanotic sarcoma in the brain; probably several 
deposits, one involving and irritating the half vision centre in the 
left hemisphere. : 

Subsequent Progress. The patient continued to suffer from 
the same symptoms. During the month of ERG 1886, 
paralysis of the left arm and leg developed. 

On November 2, 1886, the patient died. 

Post-mortem Appearances. A nodule of melanotic sarcoma, 
the size of a large walnut on the surface of the posterior end of 
the left occipital lobe just above its tip (see fig. 16). The sub- 
jacent white matter was infiltrated, but only partly destroyed. 
Numerous other melanotic deposits in the brain, the frontal and 
occipital lobes being chiefly involved. A small nodule in each 
island of Reil. A nodule of some size in each optic thalamus. 
A small nodule in the pons involving the motor tract on the 
right side. . A large nodule in the middle lobe of the cerebellum, 
which was entirely destroyed. Several small nodules in the 
lateral lobes of the cerebellum. 


- Remarks. sn this case, irritation of the left halt-vision 
centre produced frequently rècurring flashes of light in the 
eyes, especially in the right (opposite) eye. 


In addition to the two cases which have just been 
related, the occipital lobe was also the seat of a tumour in 
two of the cases which have been already described (Cases 
8 and 10). In Case 10, there was partial right-sided 
hemianopsia and mind-blindness due to involvement’ of, 
either the white matter of the anterior end of the left 
occipital lobe, below the angular gyrus, or of the parietal 
lobe. 


PARTETA LOBE. 


Only one case with post-mortem has come under my 
observation in which the angular gyrus was involved by a 
tumour. The notes of that case, in which the right angular 
‘gyrus and the adjacent parts were the seat of the lesion, ` 
have little value for the present discussion. The case 
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occurred twenty-four years ago. My want of knowledge, . 
at that time, of the localising symptoms due to brain 
lesions and the defective mental condition of the patient 
sufficiently account for the comparatively imperfect nature 
of the clinical record. It is briefly as follows: 


` 
D 


Case 15. (Case 1 in the Table) Syphilitic tumour involving the 
night angular gyrus and the adjacent parts of the parietal and 
occipital lobe, with extensive softening of the E white 
‘matter. 


~ 


R. S., aged 41, chemist, single, admitted to the Newcastle-on- 
Tyne Infirmary on November 12, 1874, suffering from left-sided 
hemiplegia, headache, &o. 

-Prevtous History. The patient had syphilis many Years ago. 
Has suffered from headache and ** rheumatism ” for the past year. 
Three months ago left-sided hemiplegia suddenly developed. 

General Symptoms. Headache (marked) mental impairment 
and loss of memory; left hemiplegia and left hemianmsthesia 
affecting the arm and leg; dimness of vision; post-neuritic 
atrophy, and syphilitic choroiditis; tibial nodes. The patient 
was fat and well nourished. - 





Fra. 17. 


Right hemisphere ot the brain in the case of R. S. (Oase 15), showing the 
position of the lesion. 


"Subsequent Progress. The patient continued to’ suffer from 
reourring headaches. There was some slight improvement in 
the hemiplegia and hemiangesthesia,. 

On December 8, 1874, he had a general epileptic fit which ' 
was followed by coma and death. ` 
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Post-mortem Appearances. A hard, nodulated, old syphilitic 
_ tumour, the size of a walnut, was situated on the outer surface 
of the right parietal lobe. The dura over the posterior end of 
the right hemisphere was thickened. The angular gyrus, the 
upper and middle parietal convolutions, the anterior end of the 
occipital convolutions and the subjacent white matter of the 
right hemisphere were implicated and more or less extensively 
destroyed by softening (see fig. 17). Syphilitic cicatrices were 
present in the liver and nodes on the tibia. 


Remarks.—With ‘reference to the occurrence of word- 
blindness in cases of cerebral tumour, I may again point 
out that in Case 11 there was distinct but temporary word- 
blindness, apparently due to the (indirect) irritation produced 
by & tumour which was sharply limited to the posterior 
end of the second left frontal convolution. ` 


Case 16. (Case 39 in the Table). Fibro-cellular tumour involving 
the left upper parietal convolution, entirely latent, complicated 
with a large cerebral abscess, acutely developed in the sub- 
jacent white matter. 


A. B., aged 40, seen on December 4, 1895. 


Previous History. Patient was a strong, healthy man who- 


had never been previously ill. He had not suffered from syphilis 
or ear disease, and he had never received any head injury. 
"On December 2, 1895, he complained of pain in the left parietal 


region. On December 8, he experienced a numb feeling in the ' 


right hand and some difficulty in writing and using his knife at 
lunch. Thinking these symptoms were due to biliousnéss, he 
took a blue pill before going to bed on the evening of December 3. 
During the night of December 3 he had three very severe 
epileptic fits; the convulsions were general and attended with 
loss of consciousness. After the fits he complained óf great pain 
in the abdomen. i 
Present Condition. When seen by me on the morning of 
December 4, the patient was quite sensible and able to give a 
detailed account of his sensations, &c. The pulse and temperature 
were normal; there was no paralysis; the kneo-jerks were equal 


and normal; the pupils were equal and active; the optic dises ' 


were normal; there was no hemianopsia and no aphasia, either 
sensory or motor; there was no tenderness on .skull per- 
- cussion; hearing was normal, and there was no ear disease. 
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*. The chief complaint was abdominal pain and beiden which, 
after careful consideration, it was decided were the result of 
` the violent spasmodic contractions of the abdominal muscles 
during the fits. The urine was normal; the heart and arteries 
were normal There was no suspicion of alcoholic excess or of 
any form of intoxication.: \ 

On December 9, the abdominal pain and tenderness had 
disappeared. There had been no return of the convulsions. 

The temperature had remained subnormal; the pulse rather slow 

(60 to 65 per minute). Since the last congultation there had 

been moré'or less headache, and at times if had'been very severe.; 

‘it was chiefly referred to the left side of the head. For the past . 
two nights the patient had been very restless and anxious about 
himself; and had complained of ẹ numb feeling in the right arm 
and leg. 

On examination, distinof loss of power in the right side (face, 

, arm, and leg) was found to be present. The loss of power was 
more marked in the leg than in the. arm. There was also some 
loss of tactile sensibility on the right side of the body, more 
particularly in the leg. There was no aphasia, no word-deafness, 
no word-blindness, no motor vocal aphasia, and no hemianopsia. 
Well-marked double optio neuritis was now present. The pupils 
were equal and active; temperature normal; pulse 60; tongue 
clean. The urine.still continued free from albumin. The heart 
and arteries were perfectly normal. 1 

On December 11; the patient, who had had a restless night, 
was obviously worse,’ the paralysis much more marked. There 
was also now some’ difficulty in speaking, apparently due to 

` motor aphasia. Impairment of tactile sensibility on the right 
side of the body was also more marked. The optic nouritis was 

'- more distinct. The pupils still remained equal, and contracted 

actively to light. "The temperature was 92°2°, and the pulse 64. 

Since the date of the last consultation two days ago, there have 

been no convulsive twitchings and no severe headache. 

_ On the afternoon of this day, December 11, Dr. John Duncan 
met Drs. Russell Wood, Playfair, and myself in consultation. 
He agreed as to the difficult and exceptional nature of the case, 
and as to.the probability of the lesion being thrombosis: rather 
than tumour. With us he thought that in the absence of any 
obyious pause, cerebral abscess was o most unlikely condition, 
and might in all probability be excluded. Under these circum- 
stances it was decided not to advise any operative procedure. 

On December 12, the patient was worse; motor aphasia 
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more marked ; temperature normal ; pulse 60; the condition, 
otherwise unchanged. . 

At 1.80 a.m. on December 18, the breathing became stertorous, 
and the patient passed into & condition of coma, the temperaturé 
running up in the course of a short time to a 6?. Death 
occurred at 4 a.m. 

At the post-mortem examination, which was made by Professor 
Robert Muir, the convolutions of the brain were found to bé 
` flattened and effaced, more especially on the left side. At one 
or two places on the surface of each hemisphere the subarachnoid 
fluid was slightly turbid, and. there were minute particles of 
. lymph in the sulci. The membranes at the base were quite 
healthy. There were no emboli or thrombi in any of the vessels. 
The arteries and veins of the brain were absolutely normal. ' 

On examining the surface of the brain, & tumour was found 


on the left side. Its posterior border was'situated at the junction ` 
of the parietal and occipital lobes, and its inner border half an ` 


inch from the middle line. It was irregularly quadrangular in 
shape, about three-quarters of an inch in diameter, and extended 
down into the brain as a blunt wedge for about three-quarters of 
an inch. The tumour was 8 sharply marked off from the surround- 
' ing brain tissue. ` 
On transverse section through the brain, an abscess the size 
of a large hen's egg was found in the middle of the left hemi- 
sphere. It was situated in the centrum ovale, rather nearer the 
posterior than the anterior end of the brain. At its nearest 
point to the cortax it was about an inch below the grey matter. 
The contents of the abscess consisted of a thin and extremely: 
stinking pus. The brain substance forming the wall of the 
abscess was fairly firm and dense, more especially at ‘one point 
underlying the tumour. 
` The dura mater, the venous sinuses, the bones of the akali: 
the middle and internal ear, the nose, etc., were all carefully 
examined, and were found to be absolutely normal. The heart, 
- arteries, lungs, liver, spleen, kidneys, and other abdominal and 
pelvic viscera were quite healthy. The. most careful search 
failed to detect any local source for the abscess, or any disease 
in any of the organs of. the body other than the brain. 


(The full notes of the case, with a discussion of the diagnosis ) 


and a detailed account of the treatment which was adopted, are 
published elsewhere.) i 


1 Scottish Medical and Surgical Journal, Nov., 1897, p. 972. . 
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d Basan GANGLIA. 


(a) Optic Thalamus. 


In one case (Case 18 in the Table), the tumour seemed 
to have its primary seat in the right optic thalamus, but 
there were no symptoms: to indicate that this was the 
position of the lesion. The case was. perhaps the most 
deceptive, so far as localising symptoms were concerned, 
which has come under my notice. The notes are as 
follows :— 


Case 17.‘ (Case 13 in the Table). Glo- sarcoma of the right optic 
thalamus ; symptoms indicative of a syphilitic gumma involv- 
ing the right leg centre. 


R. G., aged 50, an old soldier, gatekeeper at Holyrood, was 
seen at the Edinburgh Royal Infirmary on March 18, 1898, 
suffering from headache, numbness and stiffness in the left leg, 
occasional spasmodie twitchings in the left leg beginning in the 
left big toe. 

Previous History. Had syphilis 26 years ago. ` 

General Symptoms. Headache (severe, referred to the right 
motor area, worse at night); tenderness on pressure and per- 
. oussion over the right'motor area, exactly localised to the leg 
and upper arm centres ; giddiness (occasional); the patient had 
on more than one occasion tumbled, he thought partly as the 
result of giddiness and partly in consequence of giving way of 
the left leg; the disos were ill-defined, the veins in the right 
fundus being dilated, but there was no definite optic neuritis. 

Localising Symptoms. Tenderness over the leg and arm 
centres on the right side; attacks. of Jacksonian epilepsy ocour- 
ring several times a day, the spasm beginning in the left big toe; 
exaggeration of the left knee-jerk. There was no swelling or 
alteration in the scalp at the seat of the pain and tenderness. 

Diagnosis. A cortical gamma in the position of the right leg 
centre. 

Treatment. Todide of potassium, twenty grains three times. 
daily. 

Subsequent Progress of the Case. Speedy relief of the head- 
ache ‘and disappearance of the spasms. When last seen, the 
patient said that he was quite well, but some tenderness on 
percussion could still be elicited over Ehe right motor area. Was 
advised to continue Kee iodide. 
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Some weeks later, the head symptoms returned and were 
not relieved by the continued administration of the iodide. The 
patient was therefore sent by his medical attendant (who knew 
that I had no male beds) into the Infirmary, where he was seen ` 
by Dr. Gibson, who, not knowing that I was connected with the 
case, arrived at the same diagnosis—a, cortical gumma in the 
right-leg centre—and advised, as the iodide had failed to’ give 
relief, that the patient should be trephined. This was accord- 
` ingly done by Mr. Alexis Thomson. No tumour was found. 
The operation wound healed satisfactorily. , The patient died 
gome time afterwards. 

Post-mortem Appearances. The scalp, skull-cap and mem- , 
branes quite normal. Some flattening of the convolutions and 
obliteration of the sulci, especially on the right side. A glio- 
sarcomatous tumour about the size of a small egg occupied the 
position of the right optic thalamus and had slightly encroached 
upon the motor fibres of the pyramidal tract. 


Remarks. In this case, the symptoms were are 
indicative of a syphilitic gumma of the right leg-centre ; 
the tumour was a glioma of the right optic thalamus; it 
had apparently produced irritation of the leg fibres of the 
internal capsule. 


In addition to this case, in which the optic thalamus was 
the primary seat of the new growth, the optic thalamus was 
involved along with other parts in three othet cases (10, 18, 

and 23). In Case 18, which has already been related, 
melanotic deposits of considerable size were present in each 
optic thalamus. In Case 23 in the Table, a very large. 
glio-sarcomatous tumour; which had commenced in the 
right centrum ovale and involved the whole of the internal: 
capsule and the optic radiations of Gratiolet, had extended 
to the right optic thalamus; but, since tumours of the 
centrum ovale are not included in this discussion and since 
there were no symptoms suggestive of involvement of the 
` optic thalamus, I do not propose to describe this case in 
detail! In Case 10, the left optic thalamus was also 
- invaded by the tumour. 


H 


! I hope at some future period to publish reports of my other cases of 
intra-cr&nial tumour, 
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` In none of these four cases in which the optic thalamus 
was invaded by & new growth were there, so far as I could 
detect, any definite symptoms due to the lesion in this area 
of grey matter, unless the paroxysms of flushings, which 
were very marked in Case 13, were due to this cause. 


(b) Lenticular Nucleus. 


In two cases (Case 12, which has already been detailed, 
and Case 24, which will afterwards be described), the 
lenticular nucleus was completely destroyed by a new 
growth. In Case 12, the motor fibres of the adjacent 
pyramidal tract and the island of Reil were also involved 
and destroyed by an acutely developed lesion. In that case 
there were well marked symptoms of motor paralysis on the 
opposite side of the body, and motor aphasia, but no symp- 
toms indicative of a lesion of the lenticular nucleus. In 
Case 24, in which the left lenticular nucleus was completely 
replaced and destroyed by a deposit of secondary cancer, 
there were absolutely no symptoms indicative of the presence 
of a lesion in this part of the cerebral tissue. 


. (e) Caudate Nucleus. 


In two cases (B and 12) the caudate sions was invaded 
by a new: growth. In Case 8, which has already been 
detailed, six scrofulous tumours were found in various parts 
of the cerebral tissue. The tumour which was present in 
the head of the left corpus striatum and which had entirely 
-destroyed this portion of grey matter, did not appear to give 
rise to any definite symptoms. In Case 12, which has also 
been described, the caudate nucleus was involved along 
with the lenticular nucleus, the island of Reil, and the 
motor strands of the internal capsule. In that case the 
involvement of the adjacent parts produced well marked 
symptoms—hemiplegia on the opposite side, and motor 
aphasia, followed by coma. Consequently, distinctive local- 
ising symptoms due to the involvement of the head of the 
corpus striatum could not be expected to have been noticed. 
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CEREBELLUM. 


In 7 cases the cerebellum was alone involved by the new 
growth. In 8 other cases the cerebellum, as well as other 
parts, was the seat of & tumour. 

The following are the details of the cases :— 


Case 18. (Oase 4 in the Table). Subtentortal sarcoma springing 
from the membranes and deeply indenting the left lateral lobe 
of the cerebellum; unsuspected during life. 


A. O., aged 54, female, admitted to the Newoastle-on-Tyne 
` Infirmary on September 28, 1875, suffering from mitral stenosis, 
cardiac dropsy, right-sided hemiplegia (marked) of three weeks’ 
duration. ` 

General Symptoms. Headache; vomiting; no optic neuritis, 
but veins of the fundus large and tortuous, the right disc much 
redder than the left. Patient was in & stupid mental condition 
and could hardly be got to answer questions. -During her stay 
in hospital she suffered from trembling fits, in which she was not 
cold. 

Localising Symptoms, With the exception of the hemiplegia 
there were no localising symptoms—nothing to suggest a lesion 
of the cerebellum. It was, however, noted that when the 


patient attempted to stand she tumbled over, partly apparently ' 


from loss of motor power, partly from loss of control. The 
patient professed not to hear skull-conducted sounds in the left 


ear, and neither aérial nor skull-conducted sounds with the right ` 


ear. 


convulsion, in which the right side of the body appeared to be 
more affected than the left. 
Post-mortem Appearances. A round tumour the size of a 


greengage plum was found below the tentorium cerebelli on the. 


right side. It sprang from the dura and had deeply indented the 
lateral lobe of the cerebellam. No signs of softening or inflam- 
mation of the cerebellar tissues. A small hemorrhage, evidently 
of some weeks’ duration, in the extra-ventricular portion of the 
corpus striatum. 

, Marked mitral stenosis. f 


Remarks. In this case, so far as was ascertained, there 
were absolutely no symptome; suggestive of-an intracranial 
tumour. 


Result. On’ October 21, 1875, patient died suddenly in a ` 
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Case 19. (Case 8 in the Table). Large scrofulous tumour in the 
, right lateral lobe of the cerebellum. 


‘A. O., aged 9, female, admitted to the Newcastle- on-Tyne 
Infirmary on January 24, 1878, suffering from headache, blind- 
ness and deafness. 

Previous History. Four months previously the patient had 
fallen and received a severe blow on the back of the head; 
the injury was followed by headache and vomiting. A week 
before admission ` the patient: suddenly lost both sight and 
hearing. ` 

General Binatone. Headache (very severe, frontal, especially 
on the right side of the head). The headache was so intense that 
the patient, before admission to the Infirmary used to hold her 
head under the cold-water tap in order to relieve it. Vomiting. 
Double optio.neuritis (marked). Giddiness not complained of. 

Mental Symptoms. None. The patient, though blind and 
‘deaf, is quite bright and intelligent; she is able to distinguish 
her mother from other persons by the feel of her dress. 

Motor Symptoms. None. The gait is natural except for the 
defect produced by loss of sight. No paralysis. 

. Knee-jerks not tested. ‘ 

Sight. Absolutely blind. 

Hearing. Totally deaf both to aérial and skal sounds in 
both ears. 

Subsequent progress of the Case. Patient: Selina in the 
Infirmary until June 23, 1878, when death took place. 

During her stay in hospital, she suffered from periodic attacks 
of severe headache and vomiting. She remained absolutely blind 
and deaf. She had recurring convulsions in which there was no 
loss of consciousness. The spasms were tonic in character and 
affected the head and neck, the eye-balls (which were turned 
upwards) and both upper extremities. Olonic ‘Spasms also occa- 
sionally occurred in the right: side of the face, During the lest 
month of her life she became stupid and apathetic, and both 
‘the contents of the bladder and rectum were evacuated Kales 
taril 

Tot wonton Appearances. The scalp was natural, the skull. 
o&p,very thin; it showed no signs of the former injury. The 
‘membranes were normal, the convolutions much flattened and 
the sulci effaced. The dura was adherent over the right lateral 
lobe of the cerebellum. The right lateral lobe of the cerebellum 
was considerably enlarged. The increase in size was due to the 
` presence of a sorofulġus tumour in ite interior. The inner half 
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of the lobe was chiefiy invaded by the new gaah: The 'other 
lobes ‘and the peduncles were healthy. ‘The ventriolés were 
dilated. The brain substance was odematous and soft, but 
otherwise normal. The internal ears and auditory nerves seemed 
quite healthy to the naked eye. 
The bronchial and mesenteric glands were enlarged and 
caseous. Several deposits of miliary tubercles were present in 
i the lungs and kidneys. 


Remarks. In this case, the patient suddenly became 
absolutely blind and completely deaf, the intelligence and 
mental activity remaining quite bright. 

Case 20. (Oase 15 in the Table). Four tumours in tha cerebellum 
—three, in the left, and one in the right, lateral lobe; no 
symptoms suggestive of cerebellar disease. 


C. McN., aged 18, seen at the Edinburgh Royal Infirmary 
on October 24, 1896, complaining of headache, vomiting and 
emaciation. 

Previous History. In June of the present year, the elbow 
joint was excised for tubercular disease. In J aly. the patient 
commenced to suffer from headache. 

General Sympioms. Headache (very severe, kona and 
vertical, sometimes passing through to the back of the head, 
increased by movement); vomiting (very frequent, incessant for 
the past week, occurring especially m the morning, brought on 
by movement); marked double optic neuritis; great emaciation ; 
general motor weakness; marked constipation; grent dilatation 
of the pupils, 

Localising Symptoms. Slight weakness of the right hand; 
dynamometer, right--T70, left—80.  Knee-jerks equal and not 
exaggerated. Absolutely nothing else. No giddiness. No 
peculiar gait, though patient is weak on his legs. No spasms. 
No hemianopsia. No disturbance of sensation. No speech 


defects. 
Mental Symptoms. The patient is inclined to be drowsy, but 


is intelligent. There is no impairment of memory. The patient 
was sent to Mr. Cotterill’s wards, with a view to operation. 

Subsequent Progress.. Intense headache; incessant vomiting ; 
nothing would remain on the stomach, and he had to be fed by 
nutrient enemata. As no treatment appeared to give relief, it 
was decided to trephine with the object of relieving the increased 
intracranial pressure. 


» 3 
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The ‘operation -was performed by Mr. Cotterill, to whom I am 
indebted for the following notes of the subsequent progress of the 
case, on November 11, 1896. The patient was trephined over 
the left parietal region, the only localising symptom being slight 
weaknéss in the right hand, The intracranial ‘pressure was 
greatly increased ; immediately the dura was opened, the brain 
not only bulged through the opening, büt ruptured itself. No 


', tumour was found. A trocar was inserted in various directions 


into the brain, but no fluid was obtained; it was ‘consequently 
concluded that the lateral ventricle was not dilated. The 
‘operation was followed for, a few days by relief; the headache 
' and vomiting were lessened, but the loss of, power in the right 
arm increased and slight loss of power developed in the left leg. 
After a few days, severe headache and vomiting returned. After 
, consultation a second operation ‘was consequently decided upon, 
but great doubts were entertained as to the position at which a 
second trephine opening should be made. There were absolutely 
no mental symptoms; this seemed to exclude a lesion of the 
frontal lobe. There was no hemianopsia ` this seemed to exclude 
& lesion of the occipital lobe. There was no word-deafness ; this 
was opposed to.a lesion in the left temporo-sphenoidal lobe. 
< The fact that no fluid was obtained when a trocar was inserted 
`. deep down in the direction of the left lateral ventricle seemed to 
show that the ventricles were not“ dilated, and consequently 
suggested that ihe increased intracranial pressure was not due . 
to a subtentorial tumour—a tumour in the cerebellum. It was, 


. therefore, decided, by this process of exclusion, to trephine over 


the right temporo-sphenoidal lobe. This was accordingly done, 
but nothing was found. The intracranial pressure on the right 
side was very markedly less than on the left. The original 
trephine wound was again opened up. There was marked 
bulging of the brain at the seat of the first operation (left parietal ' 
region). A large trocar was inserted deep down into the brain 
and &' quantity of, clear fluid escaped, evidently from the left 
lateral ventricle. | A drainage tube was introduced. E 

Result of Second Operation. November 26, 1896 (the day 
“following the operation). Patient much brighter, much more 
-gensible: and intelligent, answering questions readily and cor- 
rectly. Sight apparently all right. Distinct ‘word-blindness and 
right-sided homonymous hemianopsia. g 

After this date the mental condition continued to improve, the 
optio neuritis became much less. The word-blindness almost 
completely passed off, the patient being able to read fairly well, 


f 
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but he continued E unable to write, even to sign his' 
name. This difficulty was not accounted for by the slight motor 
paralysis which was present in the-right arm ; it appeared to be 
due to destruction of fibres passing from the visual speech-centre 
‘to the motor \writing- centre. The emaciation continued to 
increase. The second operation wound' healed most satisfactorily. 

January 11,1897. The patient’ is very much worse. Ex-' 
` tremely emaciated. Mentally very dùll and apathetic., Answers 
* Aye” or “Yes” to all questions which are put to him. The 
scalp is markedly bulging at the seat of Ss SES trephine 
wound. (left parietal region). 

February 7, 1897. The patient became oct and excited. 
Temperature moderately elevated. 

February 19. Patient died. . 

Post-mortem Appearances. Soalp wounds soundly healed. 
Bulging of the scalp in the left parietal region. A, bernis cerebri 


projected through the trephine hole in the skull. Trephine . 


wound on the right side of the brain normal and no bulging. 


Intracranial pressure greatly increased.  Convolutions flattened , 


‘and sulci effaced, especially over the left hemisphere. Four 


D 





Fra. 18. 


Section through the cerebellum and pons in the case of O. MoN. (Case 20), 
showing the position of the tumours. 
The letters P P are placed on the pons; the letter a on o portion of 
the cerebral membranes, 
The figure 7 indicates tumour No. 1, which has hob been divided. ‘The 
2,2 are placed on tumour 2, A a on tumour 8, 4, 4 on tumour 4, 
ich have been trangversely divided. . 
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serofulous tumours present in the cerebellum, three in the left 
and one in the right lateral lobe, in the following situations :—(1) 
a large tumour, more or less rounded in shape, 14 ins. by 1} ins. in 
diameter, adhering to the dura, occupying the under-surface and 
the back of the left lateral lobe of the cerebellum ; it had caused 
extensive destruction both of the grey and the white matter of 
the cerebellum ` (2) a somewhat oval tumour, measuring 1 in. 
by 4 in. in diameter, situated between the first tumour and the 
middle lobe; it was situated in the white matter, and was in 
immediate contact with the large tumour (No. 1) on the one 
hand and with the middle lobe on the other; (8) a small kidney- 
shaped tumour measuring At by 44 ins. in diameter, in the 
anterior part of the right lateral lobe; it reached the surface and 
involved both the grey and white matter of the cerebellum; (4) 
a tumour, measuring 1 in. by # ins. in diameter, in the lateral 
part of the right lobe; it reached the surface and involved both 
the grey and the white matter of the cerebellum (see fig. 18). 


Remarks. This was a very remarkable case ; for although 
there were four tumours of very considerable size in the 
cerebellum, there were no symptoms suggestive of cere- 
bellar disease, except the very severe vomiting. 


Case 21. (Case 24 in the Table). Glioma and cyst of the cere- 
bellum, involving the middle and right lateral lobes. 


A. M., aged 24, a builder, seen May 14, 1885. 

Previous History. Four years ago (1880), was seized with 
causeless vomiting, followed by general torpor and malaise, a 
reeling gait, but no giddiness. One year ago (1884), suffered 
from severe headache, chiefly frontal, and referred to the right 
side of the occiput. During the present year (1885), has con- 
tinued to suffer from headache and a reeling gait, but does not 
reel in any particular direction. 

Condition on May 14, 1885. Patient complains of constant 
headache (frontal and right side of the occiput); is apathetic and 
drowsy; has an inordinate appetite; there is marked double 
optic neuritis; the urine contains large quantities of phosphates. 

Diagnosis. A cerebellar tumour, probably gliomatous in 
character. 

Subsequent progress of the Case. June, 1885. Continues to 
suffer from headache. Optic neuritis is passing into optic 
atrophy, Has & frequent, nervous cough. Has had several 
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attacks of Cheyne-Stoke’s respiration. a is vacant 
and staring. 

Between June, 1885, and November, 1885, EE to guffer 
from headache. Had several epileptiform attacks in which the 
right arm and leg were sometimes the only parts which were 
affected. Giddiness. Temporary cdema of the eyelids. Tinnitus - 
in the right ear and a tendency to fall backwards. 

On November 3, 1885, the patient’ died suddenly after an 
attack of vomiting. 

Post-mortem Appearances. Becalp, skull-cap, membranes and 
dura natural. Intracranial pressure greatly increased. Con- " 
volutions flattened, sulci effaced. A gliomatous tumour, in which 
there was a large cyst fully the size,of a hen’s egg, was present 
in the middle lobe of the cerebellum. The gliomatous tissue 
involved the right lateral lobe, which was extensively destroyed 
and atrophied. "There was slight atrophy of the left lateral lobe. 
The pons Varolii and medulla oblongata were TRY com- 
pressed and flattened. 


Case 22. (Case 27 in the Table). Glioma of the left lateral and 
middle lobes of the cerebellum. ex 


J. J., aged 24, railway surveyor, seen May 12, 1888, suffering 
from headache, giddiness, vomiting, reeling gait, &o., duration 
6 months. The symptoms have been much worse since the 
patient’s marriage four months ago. f 

` General Symptoms. Headache, very severe, chiefly frontal, 
at times occipital; it is of a beating character. Vomiting, 
frequent; usually occuis with the headache in the morning 
before breakfast. Occasional giddiness, especially felt if he 
walks fast or far. Double optic neuritis, most marked in the 
left eye. 

Localising Symptoms. ‘Tendency to fall to the right side. 
Impairment of taste in the anterior part of the tongue on the 
right side. Numbness on the right side of the face. Diminished 
tactile sensibility on the right side of the face and E 
Knee-jerks equal and normal. 

Diagnosis. A cerebellar tumour involving the central and 
probably the right lateral lobes; probably a- glioma. i 

Subsequent progress of ‘the Case. Patient did not improve 
under full doses of iodide of potassium. :. When next seen 
(September 6, 1888) headache and vomiting were still frequent 
and severe, the giddiness and reeling gait more marked, the 
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optic neuritis more advanced. After this date he rapidly got 
worse, and died in November, 1888. 

Post-mortem Appearancés. Scalp, skull-cap and membranes 
normal. Convolutions much flattened and sulci effaced. A 
gliomatous tumour, the size of a hen's egg, was present in the 
cerebellum; it involved: the middle and the left lateral lobes. 


' The pons Varolii and medulla SE were markedly com- 


pressed and flattened. 


Remarks. In this case, I expected to find the right 


lateral lobe involved because of the anesthesia on the right 


side of the face and the loss of taste on the anterior part 
of the right side of the tongue. 


Case 98. (Case 29 in the Table). Gliomatous tumour of the 
middle and right lateral lobes of the cerebellum. 


A. B., aged 17, seen December 6, 1888, suffering from head- 
ache and vomiting, eto. Duration, one year. Supposed cause, 
a fall from her horse, but this was very doubtful. 

General Symptoms. Headache (very severe, chiefly occipital, 
sometimes frontal); vomiting (frequent, usually occurring with 
headache first thing in the morning); giddiness (frequent, especi- 
ally before breakfast before getting up); double optic neuritis 
(advanced i in the left eye to optic atrophy). Ansemia; amenor- 
“thee. 

Localsing Symptoms. A staggering and tottering gait ; a 
tendency to fall to the left side; complete loss of vision in the 
left eye, probably the result of the optic atrophy; vision in the 
right eye normal; knee-jerks both exaggerated, but especially 
the right. 

No other symptoms. 

Subsequent Progress. Under iodide of potassium the patient 
improved remarkably and, except for the blindness in the left éye, 
was practically well—able to walk, drive and enjoy herself, read 
witli the right eye, etc.—during the next eighteen months. The 
headache and vomiting were speedily relieved, the anemia dis- 
appeared, the giddiness became much less marked, and the gait 
much steadier; the menstruation returned ad was regular for 
several months. 

In June, 1890, the menstruation ceased, the headache returned, 
but there was no return of the vomiting or giddiness. The gait 
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again became worse. Bowels became much constipated. The 
patient complained of general weakness and shortness of breath. 

August 8, 1890 Looks remarkably well in the face; no 
anmmia. Complains of pain in the back of the head in the 
centre of the occiput. Tongue furred; bad taste in the mouth. 
Gait very staggering. Still tends to fall to the left side. Knee- 
jerks exaggerated on both sides, especially the right. Plantar 
reflex absent on both sides. Sight in the left eye. nil; in the 
right considerably impaired. Optic SE present in both 
eyes; very &dvanced in the left. 

In November, 1890, became worse. East, chiefly affect- 
ing the back and right side ofthe head. „Vomiting and giddiness 


returned. ‘Difficulty in swallowing developed; fluids regurgi- ` 


tated through the nose. Pulse remained slow, about 60. 

On December 4, 1890, the vision became suddenly blurred; 
patient complained of headache; hiocough developed, and she | 
died within the course of a few minutes. 

Post-mortem Appearances. Convolutions much flattened and 
the sulcileffaced. Lateral ventricles considerably distended. A 
gliomatous tumour the size of a small egg was present in the 
middle lobe and the adjacent part of the right lobe of the cere- 
bellum. The medulla oblongata and pons Varolii-were flattened 
by pressure. . 


Case 24. (Case 81 in the Table), Large cancerous tumour in the 
right lateral lobe of the cerebellum ; ‘left lentioular nucleus 
completely destroyed by a round cancerous nodule; small 

cancerous nodule im the right ascending parietal convolution. 


M. A., aged ‘61, seen July 18, 1886, complaining of headache, 
giddiness, &c. 

Previous History. Eight months ago, the, left ‘heat and 
axillary glands were removed for cancer. Three months ago, 
the patient began to complain of headache, followed by vertigo 
and a reeling gait. Six weeks ago she had a fit, after which 
there was temporary paralysis of the right side of the face, One 
month ago, she had o second fit or fainting, followed by marked 
excitement which lasted for & week and was succeeded by 
vomiting. 

General Symptoms. Headache (persistent and very severe) ` 
vomiting (frequent); vertigo (marked) ; optic neuritis (intense). 

Localising Symptoms. Marked vertigo. Patient says she 
feels as if the ceiling would fall down on her when her eyes are 
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The notes of Cases 25 and 26 are as follows : 


Case: 25.. (Case 10 in the Table). Serofulous tumour of. the left 
crus and cerebellum with slight, tubercular meningitis. 


J. O., male, aged 14, seen at the Edinburgh Royal Infirmary 
on January 24, 1890, suffering from paralysis of the right arm 
, and leg, and paralysis of the SE supplied by the third nerve 
‘on the left side. 

General Symptoms. Little or,no headache. Vomiting. No 
optic neuritis. Fontanelle open. 

Localising Symptoms. Paralysis of the muscles supplied by 
the left- third nerve, paralysis of the right arm and leg, and 
rigidity with volitional tremor in the right arm and leg. . 

Subsequent Progress. Under treatment, the paralysis dis- 
' appeared. The child got fat, and at the end of nine months was 
. apparently quite ‘well. Ten-months afterwards, there was & 

return of the vomiting, development of headáche and ignem 
indicative of tubercular meningitis. : . 

The child was admitted. to the ‘Sick. Children’s EE 
“where he died. g 

Post-mortem Examination. A serofulous tumour was found 
at the base of the brain in the region of the left crus cerebri; 
another scrofulous tumour in the cerebellum ; and slight recent 
tubercular meningitis: I have no note of the exact position of 
the tumour in the cerebellum. 


Remarks. The presence of a tumour in the cerebellum 
was not suspected during life. 


‘Case 26. (Case 40 inthe Table). Glioma of the pons Varolii, crus 
cerebri and cerebellum. : 


A. B., female, aged 74, seeri June 30, 1897, suffering from 
paralysis of the lefí arm and leg and paralysis of the muscles 
supplied by the right third nerve. 

Previous History. Patient had influenza three months ago, 
but Bqemed to recover perfectly. Three weeks ago, she became 
more emotional than she used to be, without any obvious cause. 
Ten days ago, it was noticed that she had some difficulty in 
moving the left leg ; this gradually increased. The left arm and 
the left side of the face gradually became affected, and some 
‘difficulty in swallowing developed. 

General Symptoms. No headache when first seen; slight 
afterwards. Vomiting frequent. Commencing double optic 
neuritis. Oonstipation. Temperature normal. 
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Localising Symptoms. ` Paralysis of the left arm and leg ad 
very slight of ‘the left, side of the face. Inco-ordination and 
volitional tremor on movement of the lefi arm and left leg. 
Ptosis of the right eyelid. Paralysis of the right external rectus 
muscle. Difficulty in swallowing. Knee-jerks absent. 

, Mental Symptoms. None. The patient is bright and in- 
telligent. 

Diagnosis. A scrofulous tumour of the right orus. 

Subsequent Progress. Got, rapidly worse, much thinner. 
Occasionally, complained of slight headache, The paralysis 
inereased. The vomiting became more frequent, the difficulty 
in swallowing more marked. 

The patient died towards the end of August. 

Post-mortem Examination. A tumour of some size was found 
at the base of the brain on the right side ; ‘it involved the anterior 
part of the right lateral lobe of the cerebellum, the right peduncle 
of the cerebellum, the right side of the pons, and extended up as 
high as the right orus. ' Its limits were not well defined. It was 


.of'& dull pinkish colour, of soft consistency, and on microscopical 


examination was found to be o glioma (the age and family history 
had suggested tuberole). 


In addition to these cases, in which the diagnosis was 
verified post-mortem, I may detail the notes of a case in 
which all the characteristic symptoms of a cerebellar 
tumour were present, but in which operative procedure, 


first over one lateral lobe and then over the opposite lateral 


lobe of the cerebellum, failed to reveal the presence of a 
tumour. The notes are as follow :— 


` Case 27. Typical symptoms of a cerebellar Roter operation ; 


no tumour found. 


S. M., female, single, 25, a servant, was admitted to the 
Edinburgh Royal Infirmary on January 18, 1897, suffering from 
headache, giddness, staggering gait and loss of vision. 

Previous History. The patient was quite well until Tune, . 
1896, when the present symptoms (giddiness, diffioulty in walk- 
ing and headache) developed. Some months, previously the 
menstruation had been arrested. In October, 1896, the sight 
became affected and the patient suffered from vomiting. 

Present Condition. Well nourished; no anemia. Tempera- 
ture 97-4? à 
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General Symptoms. Headache (severe, occipital, frontal and 
vertical, especially marked over the right eye and over the left 
side of the occiput); vomiting (frequent); giddiness (marked). 
Very marked double optic neuritis, passing into optic atrophy in 
the right eye. 

Localising Symptoms. A staggering gait, with a tendency to 
fall sometimes to the right, sometimes to the left side, but 
especially to the left; this was confirmed on several occasions by 
independent observers. The right leg is thrown out in an inco- 
ordinate manner. Knee jerk exaggerated on the right side. No 
ankle clonus. Plantar reflex absent on both sides. Grasping 
power in the left hand, as measured by the dynamometer, 56, in 
the right 70. Romberg’s symptom present; tends to fall to the 
left side when the eyes are closed. Vision in the right eye nil; in 
the left markedly diminished, = 4 (dimness of vision no doubt due 
to the optic neuritis and atrophy). Nystagmus to the right and 
upwards; subsequently became marked when the patient looked 
to the left. The associated movements of the left external and 
right internal recti muscles weaker than the corresponding 
movements on the opposite side. Deaf in the left ear both to 
aérial and bone-conducted sounds; external ear normal. No 
skull tenderness. No disease of ear. No sealp swelling. 
Giddiness occurred in paroxysms two or three times a day and 
lasted from five to ten minutes ata time. Sense of smell com- 
pletely absent (cause doubtful). 

Mentally somewhat dull—& natural defect. Complains every 
now and again of a cramp-like sensation in the right side of the 
face. 

Diagnosis. A cerebellar tumour, apparently situated in the 
left lateral lobe; probably a gliomatous cyst. 

Subsequent Progress of the Case. Headache continued to 
recur and to be very severe; it was very definitely located to the 
left side of the occiput and over the right eye. Vomiting recurred 
occasionally. 

On February 8, 1897, the patient was trephined by Mr. 
Cotterill over the left lateral lobe of the cerebellum. No 
tumour was found. The intracranial pressure was much 
increased. Subsequently, a second operation was performed 
over the right lateral lobe of the cerebellum, but no tumour was 
found. A good deal of bulging occurred at the site of the opera- 
tion, especially on the lefi side. After the second operation the 
right side of the face and head became markedly swollen. 

March 3, 1897. Patient looking very well; much brighter 
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than before the operation. Headache almost gone. Swelling, 
scalp and eye, better. Has not vomited since the operation. 
' She remained in “hospital until March 24, 1897, when she 
was removed by her friends, and died a& home & few weeks 
afterwards. 

No post- mortem examination. 


Remarks. This case illustrates the great uncertainty 
. which there i is in the diagnosis of many cases of cerebellar ' 
tumour, I am still disposed to think'that in it a cerebellar 
tumour was present, probably situated in the middle lobe 
_and out of reach of the surgeon. The symptoms during 
^ life seemed undoubtedly to indicate & tumour in the left 
lateral lobe. 

In Case 22, already detailed, the same difficulty of 
diagnosis occurred. The symptoms seemed to indicate a 
tumour in the right lateral lobe, whereas the post-mortem 
showed that the tumour was situated in the left lateral 
lobe. 

But the difficulty of diagnosing cerebellar tumours is not 
merely confined to the uncertainty of determining in which 
lateral lobe the tumour is situated. In some cases in which a 
tumour is situated in the cerebellum, there are no cerebellar 
symptoms. Case 20, which has already been detailed, in. 
which four tumours were situated in the cerebellum—three 
in the left and one in the right lateral lobe—is the most 
striking illustration which has come under my own notice. 
In that case there were absolutely no localising’ symptoms 
to show that the cerebellum was the seat of the lesions. 


CASES OF DISTENDED VENTRICLES SIMULATING A 
- | CEREBRAL OR CEBEBELLAR TUMOUR. 


Further, in some cases in which the symptoms during 
life seem clearly to indicate-the presence of a cerebral or 
cerebellar tumour, post-mortem examination shows that 
there is no tumour, but merely a dilated condition of the 
ventricular system of the brain, more especially of the 
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. fourth ventricle, the result of previous meningitis and 
obliteration of the foramen of Magendie. The following 
cases illustrate this point :— . t 


Li 


Case 1. Typical and daraca symptoms of a scrofulous 
tumour in the cerebellum; no tumour found post-mortem, 
merely a dilated condition of the ventricles of the brain and 

, old basilar meningitis. 


M. R., aged 94, feele, admitted to the Edinburgh Royal 
Infirmary on October 30, 1894, suffering from headache, vomit- 
ing, double optic neuritis and paralysis of all four limbs. 
Previous History. Five years ago, the patient suffered from 
tubercular glands in the neck. In August 1893 (fourteen months 
ago), the present illness commenced without obvious cause. The 
patient suffered from severe headache, referred to the occiput 
and to the right temple, and vomiting. There was no fever. 
Thirteen months ago, her gait became reeling and she tended to 
fall forwards. One year ago, she became unable to walk; and 
on more than one occasion, when sitting on a stool, fell back- 
wards, apparently because she overbalanced herself or became 
giddy. During the summer of 1894, she had an epileptic fit. 
Condition on Admission. Is well nourished. Head large; 
forehead narrow; occiput broad; circumference’ of head, 91$ 
inches. Head inclined forwards. Rythmical jerking movements, 
both nodding and rotatory in character, of the head, on voluntary 
movement. Headache frequent but much less severe than in 
the earlier stages of the case. Vomiting occasional, every three 
or four days. Marked double optic neuritis passing into optic 
atrophy. Vision in the right eye, A ` left, .%. Some internal 
` strabismus of the left eye. Nystagmoid movements of the eyes 
both on looking to the right and to the left. Pupils dilated and 
sluggish in their reaction to light. Paralysis of all four limbs, 
rather more marked on the left side. Legs rigid. Knee-jerks 
both markedly exaggerated and ankle clonus present in both legs. ` 
Volitional tremor and incoérdination when patient attempts to 

‘make movements with the arms; more marked in the left than 

‘in the right arm. Some loss of control over the bladder and 
rectum. Memory somewhat impaired. Sensibility of the skin, 
hearing, taste, smell and the muscular sense normal. 

Diagnosis. A sorofulous tumour of the cerebellum, probably 

affecting the middle and left lateral lobes, and pressing on the 
pons, with secondary hydrocephalus, 
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' Subsequent Progress of the Case. Under drug treatment there 
was no improvement. j 

On December 24, patient was trephined by Mr. Cotterill over 
the left lobe of 'bhe cerebellum. The intracranial tension was 
greatly increased. No tumour was found. The headache and 
other symptoms were relieved for a time. Subsequently, the 
question of a second operation on the opposite right lateral lobe 
was considered, but deferred, as the patient’s condition did not 
seem to warrant its performance. . 

On January 14, 1894, the patient died. 

At the Post-mortem Examination the intra-cranial m 
was found to be greatly increased; the convolutions were 
flattened and the sulci effaced. A cerebellar hernia had formed . 
at the seat of the trephined wound, and there was slight recent 
purulent meningitis in the immediate neighbourhood of the 
wound. The membranes at the base were thickened as the 
result of old meningitis. The foramen of Magendie was closed. 
The ventricular system of the brain was very greatly dilated. At 
the junction of the left orus cerebri with the optic thalamus, a 
small fibro- caseous nodule about the size of a small pea, in which, 
there were some calcareous gritty particles, evidently an old 
tubercular lesion, was found. 


Remarks. The symptoms in this case (good nutrition, 
headache, vomiting, giddiness, marked double optic neuritis, 
absence of fever, a staggering gait, a large head, paralysis 
of all four limbs, increase of the knee-jerks, jerking move- 
ments in the head and limbs on volitional effort, internal ' 
strabismus of the left eye and nystagmoid movements on 
looking both to the right and left) were typically character- 
istic of an intracranial tumour and seemed clearly to show 
that the tumour was situated in the cerebellum. Further, 
it should be noted that the head symptoms had commenced 
without any indications of meningitis, and were of long 
(fourteen months) duration. The case is a very remarkable 
one. ; DE" 

Only one other point need be emphasised, viz., the fact 
that paralysis of all four limbs, with volitional tremor, a 
spastic condition and exaggeration of the knee-jerks and 
ankle clonus, seemed undoubtedly to be due to the pressure ` 
of the dilated fourth ventricle upon the subjacent pons and 
medulla. 
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Case 2. All the typical symptoms: of a cerebellar tumour, found 
after death to, be the result of a dilated condition of the 
ventricles of the brain and especially ‘of the fourth ventricle, 

_ dite to obliteration of the foramen of Magendie. 


J. M., aged 19, male, was seen at the Edinburgh Royal 
Infirmary on May 16, 1888, suffering from headache, Kee 
giddiness, staggering gait, Zo, 

Previous History. In May 1887, the patient received a head 
. injury; he fell down several feet on to his mouth and was 
insensible for some hours afterwards. After recovery from this 
illness, he remained well until three months ago, when the 
present symptoms developed. 

Family History. Two brothers and sisters suffered from 
“water in the head” and loss of eyesight. 

General Symptoms, Headache (frequent and severe); vomit- 
ing ; giddiness (marked); marked double optic neuritis ; 
staggering gait (patient has on several occasions been thought 
to be drunk in the street) ; a tendency to fall backwards in the 
' attacks of vertigo. The patient says that objects go round him 
from left to right. The patient is well nourished; there is no 
fever, and no paralysis. 

Diagnosis. A cerebellar tumour, probably affecting E 
middle lobe, probably scrofulous or gliomatous in character. 

The patient was admitted to one of the wards of the 

Infirmary, and died a fortnight afterwards. , 
. Post-mortem Appearances. No cerebellar tumour. Enormous 
dilatation of the ventricular cystem of ‘the brain; especially of 
the fourth ventricle, which formed a large space, the roof of 
which was bounded by the middle lobe of the cerebellum. The 
ventricular dilatation was due to thickening and adhesions of the 
membranes, and closure of the foramen of Magendie. There 
were no tuberoles. ' 


Two other cases of the same nature, verified by post- 
mortem examination, have also come under my observation ; 
but iņ both of them the prevjous history was suggestive 
that the cerebral symptoms, at their commencement, were 
. due to meningitis. I need not, therefore, detail them in 

full. 
' "be cases which have just been related seem to show 
' that in some cases it is absolutely impossible to differentiate. 
between a cerebellar tumour and a dilated condition of the 


i 
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fourth and other ventricles due to blocking of the foramen 
of Magendie. In both of these cases, the cerebral symptoms 
developed without any obvious cause, and were not preceded 
by any symptoms indicative of meningitis. In both, the 
general symptoms of an intra-cranial tumour (headache, 
vomiting, double optic neuritis and giddiness) were present ; 
and in both, the localising symptoms (marked vertigo and 
a reeling gait, etc.) were indicative of a cerebellar lesion. 
In Case 28, there was, in addition, paralysis ‘of all four 
limbs, with rigidity, exaggeration of the reflexes and voli- 
tional tremor, such as one gets in some cases of cerebellar 
tumour either as the result of the lesion in the cerebellum 
itself, or the pressure of the cerebellar tumour on the 
subjacent pyramidal tracts in the pons or medalla. 

I have been so much impressed with this uncertainty in 

diagnosis that, in some of the cases in which the symptoms 
of a cerebral or cerebellar tumour are present and in which 
the symptoms subside and the patients get well, I am dis- 
.posed to think that the lesion was perhaps a dilated con- 
dition of the ventricular system of the brain, the result of 
obliteration of the foramen of Magendie, rather than a 
cerebral or cerebellar tumour which had become quiescent 
or had become cured under treatment. Four cases of this 
kind (apparent cure of a non-syphilitic cerebral tumour) 
have come under my own notice. In such cases, where the 
symptoms subside and the patient remains well, it is im- 
possible, I think, in the present position of our knowledge, 
provided that there were no symptoms suggestive of men- 
ingitis in the early stages of the case, to say with certainty 
whether the case was one of dilated ventricles, the result ` 
of obliteration of the foramen of Magendie, or of a cerebellar 
tumour (scrofulous or gliomatous) which had become quies- 
cent or healed (absorbed). That a gliomatous tumour of 
the cerebellum may become quiescent is shown by Case 29, 
which has already been detailed. 


1 In the remarks which I made at the discussion on the Treatment of 
Intracranial Tumours, which was introduced in the Neurological Section of 
the British Medical Association by Professor Ferrier, I have referred to this , 
point in more detail (see British Medical Journal, vol. ii., 1898, p. 964). 
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AN INVESTIGATION UPON THE PLANTAR 
REELEX, WITH REFERENCE TO THE 
SIGNIFICANCE OF ITS VARIATIONS UNDER 
PATHOLOGICAL CONDITIONS, INCLUDING 
AN ENQUIRY INTO THE ATIOLOGY OF 
ACQUIRED PES CAVUS. 


BY JAMES COLLIER, M.D., B.80., M.B.0.P.LOND. 


Junior House "Physician to ihe National Hospital for the FAUT. and 
Epileptic, Queen Square, W.C. 


AN important and very definite variation in the plantar 
. reflex occurring in certain pathological conditions, and 
having considerable clinical value, has been brought into 
. notice by M. J. Babinskit He has found that in certain 
cages the flexion of the toes upon the metatarsus, which i8 
_the initial movement in the normal plantar reflex, is re- 
placed by extension of the toes upon the metatarsus. This 
phenomenon, which he names:'*le phénomène deg orteils,” 
has been found by him only in those cases where there have 
been lesions of the pyramidal gystem as evidenced clinically 
or by. post-mortem investigation. An exception must: be 
made in the case of newly-born infants, in which the plantar 
‘reflex commences with extension of the toes. Babinski 
explains this by the fact that in very young children the 
pyramidal system is incompletely developed. He claims 
for this sign that it never occurs in normal adults, nor in, 
functional disease, and that of the objective signs of 
lesions of the pyramidal system ‘it is the earliest to 
appear after the lesion, and may. be the only sign present 
. as in cases of recent hemiplegia, when the myotatic irrita- 
bility is absent, or diminished ; and in combined posterior 
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and lateral sclerosis with absent knee-jerks and in Fried- 
‘reichs’ disease. 

Van Gehuchten? has published an investigation of a 
number of cases, and has confirmed Babinski’s results. My 
attention was first directed to the investigation of variations 
in the plantar reflex in January, 1898, by Sir William 
Gowers, who drew my attention to a case of right hemi- 
plegia in which stimulation of the sole of the foot on the 
hemiplegic side produced invariably a slow extension of the 
great toe upon the metatarsus and no movement of the 
other toes or of any other muscle. The plantar reflex on 
the non-paralysed side was brisk and commenced with 
flexion of the toes. 

The clinical part of this investigation is based upon :— 

(1) A hundred adults examined in the medical wards of a 
general hospital, who being free from acute disease and 
presenting no sign of any lesion of the nervous system were 
takén as normal. , 

(2) A hundred children examined in the wards and out- 
patient department of the Hospital for Sick Children at 
Great Ormond Street. 

(8) Three hundred cases of nervous disease that have 
come under my care as House Physician at the National 
Hospital during the last six months. 

T have to thank my chiefs at the National Hospital, Dr. 
Hughlings Jackson, Dr. Bastian, Dr. Buzzard, Sir William 
Gowers, Dr. Ferrier, Dr. Beevor and Dr. Tooth for their. 
kind permission to make use of cases under their care in 
the Hospital. I am also much indebted to Dr. Lees ` 
and Dr. Sydney Phillips for permission to examine the 
patients. in their wards at St. Mary's Hospital; to Dr. 
Lees and Dr. Colman for permission to examine cases at 
the Hospital for Sick Children, Great Ormond Street, and ' 
to Mr. Stansfield Collier SE permission to make use of one 
case: 

This investigation is concerned with :— 

(1) The nature and variations of the plantar reflex in 
normal persons. 

(2) The character of the plantar reflex in diseases of ius 
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` nervous system, and the clinical value of deviations from 
the normal in such conditions. ' 

(8) A theory of the causation of pes cavus in spastic 
states: it being possibly a result of reflex DESEN 
preponderating in certain masoles. 


a 


METHOD OF CLINICAL INVESTIGATION. 


The supine position with the lower limb semi-flexed at 
the hip and knee and rotated out with the knee resting on a 
_ pillow eo ag to ensuré muscular relaxation, was found to be 
the best for the observation of the reflex. The position 
of the limb was not found to have any effect upon the form 
of the, reflex. Every precaution was used to get rid of 
expectant attention on the part of the person examined 
_ by distracting his attention by conversation or by the per- 

. formance of some act with his hands requiring attention. : 

All cases in which, on repeated examination, it was found 
impossible to exclude volitional movements, or whose move- 
ments were not constant, or where the movements were too 
extensive to admit of careful investigation, were excluded 
from this investigation. Such cases were only rarely met 
with. Except in the normal cases, repeated observations 
were made upon each Subp to ensure that the signs were 
constant. , 

Observations were also made. during sleep upon many of 
the cases. 

The plantar region was stimulated by gently scratching 
with the finger nail or with a soft quill, minimal stimuli 
being always used where possible. The effect of increasing 
the stimulus gradually to a heavy scratch with the nail, and 
the effect of painful stimulation was observed. 

The order of response of the muscles in the reflex was 
recorded (1) by means of levers resting at one-end upon that 

‘part of the muscle which bellied most during contraction, 
and at the other end resting upon a travelling surface; (2) 
by strings attached to the toes and each pulling upon one 
arm of a weighted bell crank lever. 

- The afferent path in this reflex is by the fifth lumbar 
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and first sacral roots. I have observed that in persons where 
the plantar reflex was-very easily elicited, stimulation of the 
skin over the dorsum of the foot and over the ‘outer side of 
the leg (also supplied by the "fifth lumbar root) produced 
movements precisely similar to those elicited by stimulation 
of the sole of the foot. The same result was never obtained 
from stimulating the third and fourth lumbar or second and 
third sacral root areas. 

The response is usually confined to the lower limbs, but 
the involvement of the abdominal and back muscles in the 
response is frequently seen in children, and is much more 
marked on the side of stimulation. ^ 

The ease with which the plantar reflex is elicited and 
the degree of response varies greatly in different individuals, 
but-the nature of the reflex is remarkably constant. I 
have not found it constantly absent in a healthy person. 
Coldness of the feet will temporarily abolish it or make it 
very difficult to obtain. Sensible perspiration on the feet 
has the same effect. Moisture does away with much of 
the element of friction so necessary for the production of 
the skin reflexes. Its effect may be readily demonstrated 
by moistening the back of one’s hand: it becomes much 


. less “ticklish.” I have in many instances, by carefully 


drying the moist feet and warming the cold ones, obtained 
a good plantar reflex where I had failed previously. Light 
scratching or tickling stimuli are much more efficacious in 
producing the plantar reflex than more severe and painful 
stimuli, and the former will often succeed where the 
latter fail, I have not found the nature of the reflex to 
change in any way except in degree with different kinds of 
stimulation. 

The irritability of the different skin regions in the sole of 
. the foot varies greatly in individuals. I have not been able 
to make out definite areas where the plantar reflex could be 
obtained more readily, such a8 have been classified by 
Brissaud.’ 

In the clinical investigation of the plantar reflex it is ` 
very important that all the muscles of the lower limb should 
: be observed at the moment of stimulation, because, 88 will 


` AN INVESTIGATION UPON THE PLANTAR REFLEX 75 


be subsequently stated, the earliest.response is generally in 
muscles of the hip, and in cases where the plantar reflex is 
difficult to obtein, the any response may.be in those 
muscles, 

This last phenomenon is frequently met with in functional 
disease ; in peripheral neuritis and in tabes dorsalis. 
^. In certain cases the reflex only appears upon the first one - 
or two stimulations and is then absent even: on the strongest 
excitation. This is especially apt to occur in functional 
cases with a slight reflex. 

If the preceding points be taken into consideration, I 
think that the common statement that the plantar reflex 
is not rarely found completely absent in healthy subjects‘ 
Kë not be confirmed. 


The Normal Plantar Reflex in Adults. 


If a minimal stimulus be applied to the sole of the foot, 

a contraction of the tensor vaginm femoris,’ often accom- 
panied by a less marked contraction of the adductors of the 
thigh and sartorius is observed in the great majority of 
cases. With a slightly stronger stimulus flexion of the 

` four outer toes, the movement preponderating towards the 
little toe appears. With increasing stimuli all the toes are 
flexed on the metatarsus and drawn together, the ankle is 
dorsiflexed and inverted; the knee is flexed and the hip is 
strongly flexed, adducted and rotated inwards so as to carry 
the knee across the opposite thigh. With still stronger 
stimulation violent irregular movements of the limbs occur 
which spread to the lower part of the trunk and to the 
opposite limbs.* The position of the foot at the height of a 
response to a moderate stimulus is shown in fig. 1. In 
some cases, which, however, constitute an, inconsiderable 
minority, flexion of the four outer toes occurs with the 
same or even a smaller strength of stimulus than does 
contraction of the tensor fascis femoris. There is then in 
*In & case of anterior poliomyelitis with complere palsy of the lower - 


limbs, the most gentle stimulation of the sole of the foot produced a vigorous 
single twitch i in the levator ani. 
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response to increasing stimulation of, the sole of the foot, a 
definite order of succession in the contraction of the 
muscles which respond, and the contraction is more 
vigorous in those muscles which respond earlier than in 
‘ those which react later. To illustrate this last fact the 
behaviour of the calf muscles may.be stated. They may be 
felt to contract only to considerable stimulus, yet although 
they are much stronger muscles than the anterior tibial 
group, they never overcome the dorsiflexor movement; and - 
plantar extension of the ankle is never seen in the PME 
reflex of a normal person: 

The order of contraction in all the normal cases Was 
found as follows :— 

(1) Contraction of the tensor fascias femoris, sartorius 
and adductors, and flexion of the hip. : 

(2) Flexion of the four outer toes. 


"(Sometimes l‘and 2 are: simultaneous, iid rarely the |, 


order is reversed.) 

(8) Dorsiflexion of the ankle. 

(4) Flexion and adduction of all tiie toes; inversion 
of the foot by the tibialis posticus ; flexion of the knee. 

(5) Contraction of calf-muscles. 

(6) Contraction of quadriceps. 

The early response of the tensor fascia femoris in the 

plantar reflex was first pointed out by Brissaud,’ and it was 
called by ‘him “le reflex du fascia lata." 

As the response in the tensor fasciss femoris is the first to 
appear, so also is it the last to disappear when the plantar 
reflex is diminished in normal subjects by cold, anesthesia, 
and unknown. factors, which cause this reflex to vary in 
degree from time to time in healthy subjects. I have 
several times found a lively response in this muscle when no 
other muscle reacted to stimulation of the plantar region. 

' The terms "early" and “late” response are here used 
with reference solely to the time at which a muscle reacts to 
stimuli, gradually increased from the minimal stimulus 
capable of producing a plantar reflex, and not with any 
reference to actual “reflex time.” 1 have, by means of 
tracings taken directly from the muscles, observed that the 
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reflex times of the several muscles in the plantar reflex 
only vary to an extent that can be accounted for by the 
different lengths of the nerves supplying them, although 
from the different amounts of contraction, certain muscles 
seem to follow others on superficial observation. 

The movement produced by a moderate stimulus pre- 
ponderates, as has been above explained, in the hip and 
ankle, and on account of the greater weight that the hip- 
muscles have to raise in contracting, it is most conspicuous 
at the ankle. This is a striking point of difference between 
the normal plantar reflex and that to be subsequently 
described in certain lesions of the central nervous system. 

The economic significance of the nature of this reflex is 
clear. In plantigrade progression, if an irritating object 
come in contact with the sole of the foot, the flexors of the 
hip acting at preater mechanical advantage as regards range 
of movement than any other muscle, will be best adapted to 
remove the foot from the offending object; the foot is fixed 
by the dorsiflexion of the ankle, and the whole surface is at 
once removed from the ground, while the flexion of the toes 
and the inversion of the foot render the skin of the plantar 
region lax, so that any sharp object will penetrate less 
readily. 

For the sake of brevity in this communication I propose 
to call this normal form of plantar reflex characterised by 
flexion of the toes and marked early action of the tensor 
fasciæ femoris as the ‘‘ flexor response." 


The Crossed Plantar Reflex. 


A crossed plantar reflex can usually be obtained in cases 
where the plantar reflex is marked., It consists of a slight 
movement of flexion of the toes, especially of the great toe, 
with slight dorsiflexion of the ankle. 

Usually a much stronger stimulus is necessary to pro- 
duce the crossed plantar reflex than the direct, but this 
is not always so; sometimes the minimal stimulus required 
to produce the plantar reflex will evoke a distinct crossed 
reflex. 
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The Normal Plantar Rejlex of Infants. 


‘St The response is very brisk, and differs very markedly 
from the adult reflex. The earliest response is in the great 
toe, which is drawn back. This is followed by extension 
and spreading out of all the toes with eversion of the foot 
and dorsiflexion of the ankle, and subsequently flexion of the 
hip and knee. Strong stimulation causes a general, irregular 
movement of the limbs and trunk. The crossed plantar 
reflex, when I have been able definitely to obtain one, has 
consisted of extension of the toes. 

This form of reflex, with the widely-spread, drawn-back 
toes and the late response of hip-muscles contrasts most 
markedly with the adult form, with the contracted, flexed 
toes, inverted foot and the early hip response. I propose 
to use the term “infantile response" for this type of 
plantar reflex. 

It may be remarked here that this form of plantar reflex 
is precisely similar to the plantar reflex of such monkeys as 
I have examined, and may be considered a more primitive 
type. To this point I shall recur subsequently. 

The infantile response persists until the child becomes 
able to walk, when it is gradually replaced by the flexor 


| response. I have observed several cases in the transition ` l 
4. period, and in these children sometimes one and sometimes 


the other form of response occurred at the same examina- 
tion, or & mixed response of flexion of the outer toes with 
marked extension of the great toe occurred. 

The age at which the change occurs is generally between 
the second and third year. I have met with the typical 
adult response in children of two years old, who: were 
particularly forward and “strong on their legs.” 

. In weakly, and especially in rickety children, the 
infantile E may be seen as late as the age of four 
years. 

It may, then, be stated that with the establishment of 
complete cerebral control over the lower limbs the adult 
form of 2 response to the plantar reflex Teplaces the.infantile 
response. 


H 
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The Plantar Reflez, oe Sleep. 


De sleep tho. plantar reflex is diminished, and in 
infants and adults the infantile and flexor responses occur. 
respectively, but in some children up to the age of twelve 
years who presented the adult flexor response when awake 
I have observed a most interesting phenomenon. During 
deep sleep there was a. typical infantile response, with the 
extension and spreading of the toes and eversion of the 
foot. With repeated stimulation complicated co-ordihated 
movements directed towards the removal of the cause 
of irritation were noticed. It seemed as if some higher 
mechanism had been roused into action. Further irri- 
tation of the foot caused the child to awake, and directly 
he did so the normal adult oe reflex ER on 
stimulation. 

In these cases the temporary Se of cerebral iuis 
over the spinal cord during sleep was accompanied by a 
reversion to' the primitive infantile response, which dis- 
appeared and was replaced immediately by the adult response 
on awakening. ` 

In children between the ages, of six and twelve years 
this peculiarity was only fourid in a minority of the subje^ts 
examined. 


The Plantur Reflex in Pathological Conditions. 


ny ‘Lesions of the pyramidal system. 

An alteration in the form of the plantar reflex in these 
lesions was first described by Babinski He found. that if 
in the plantar reflex, extension of the toes, especially of the’ 
great toe, upon the metatarsus occurred, this extension of 
the toes was pathognomonic of a lesion of the pyramidal 
system. To this rule he made two exceptions: (1) In 
newly-born infants he. hoticed that the infantile response 
was constant; (2) In cases of total transverse lesions of the 
cord: he was unable to obtain any plantar reflex. 

He named this sign “le phénoméne des orteils,” and - 
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states that he has never found it in healthy subjects or in 
‘functional caseg, but only where there was clinical evidence 
of a lesion of the pyramidal system, and conversely that in 


lesions of the pyramidal system,’ with the exception of total: 


transverse lesions of the spinal cord, this sign almost in- 
variably occurs. His pathological investigations’. entirely 
confirmed this statement. ` 

Van Gehuchten * has confirmed these results. 


I find that the form of plantar reflex in lesions of the | 


pyrainidal system, whilst resembling the infantile response 
in many respects, differs in a few points. In a well-marked 
case, the whole responge is more deliberate than in the 
flexor response or the’ infantile response, and appears with 


much more certainty than does 'the flexor response to each . 
stimulation. Extension of the great toe precedes all other `" 


movement. It is followed’ by extension of the other toes 
_and by dorsiflexion and inversion of the ankle: The tensor 
fasciss femoris does not contract early. The tibialis posticus 
.and anticus and peroneus longus contract’ strongly, and fix 
the ankle, and a temporary increase òf the plantar arch is 
' often noticed. The small amount of movement at the ankle 
in the reflex from this cause is conspicuous, and contrasts 
with the brisk movement of the ankle in the normal reflex. 
There is often a tendency of certain muscles to remain con- 


„tracted after the reflex, especially the extensor proprius ` 


hallucis, reminding one of the cataleptoid reflexes observed 
by, Sherrington in paraplegic monkeys.® 

Just as the response of extension of the great toe is the 
first to appear, so when the, reflex is very sluggish the 
extensor proprius hallucis may be Hs only muscle. to serpong 
even to strong stimulation. 

I propose to use the term “ extensor” response for this 
form’ of reflex. 


H 
H 
1 
i 


This extensor response is often more easily aiai by . | 


stimulation of the outer part of the sole, whereas the flexor 


, xesponse ; is usually more easily obtained by stimulating the 


'inner part. 
The position of the foot at the height of. a moderate 
extension response is depicted i in fig. 2. ` 








Pig. L 





The position of the foot of & healthy adult at the height of a flexor 
response. The flexion aud adduction of the toes, and the dorsiflexion and 
inversion of the ankle are well shown. (From an instantaneons phote- 
graph.) 








Fio. 

The position of the foot at the height of à modera 
Phe increase of the plantar arch and the exten 
of the hallux, are well shown. From an instantaneous photograph. 
Case was one of early disseminated selero 
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In the following table the chief characteristics of the 
three forms of response are contrasted. 








Movement 


Muscle first to 
contract with a 
minimal stimu- 
lus 

Certainty of re- 
sponse to each 
stimulus 


Position of toes 

Obtained more 
easily by stimu- 
lating 

Movement of ankle 





Less certain 


Flexion; adduo- 
tion 


Inner part of the 
sole 


Dorsiflexion and 
inversion, both 
conspicuous 





EXTENSOR 

Raesponss. 
Often deliberate 
Ext. prop. hall. 


Certain 


Extension ; 


spreading 


Outer part of the 
sole 


Dorsiflexion and 
inversion, both 
slight 





InrANTILB 
RESPONSE. 


Quick 
Ext, of toes 


Less certain 


Extension ; 
spreading 


Dorsiflexion and 
eversion, both 
conspicuous . 





\ S o 
According as the lesion of the pyramidal system be 
partial, the flexor and extensor responses may be combined 


in the plantar reflex. 


variations :— 


The following are common clinical 


(1) Extension of great toe with flexion of four outer 


toes. 


(2) Slight flexion of all toes, followed by slow, strong 


extension. 


(8) Contraction of tensor fasciss femoris, and of extensor 
proprius hallucis with the minimal stimulus. 
(4) Stimulation of the sole may sometimes produce the 
flexor, and sometimes the extensor response. 
Especial care must be taken in investigating the plantar 


reflex that a movement of dorsiflexion of the ankle is not 
mistaken for a movement of extension of the great toe. The 
movement at the metatarso-phalangeal joint must be care- 
fally inspected to obviate this source of error. 
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The Crossed Plantar Reflex Associated with the Hatensor 
Response. 


The cases showing the Steeg response ‘almost eeng, 
ably present slight flexion of the toes, preponderating in the 
great toe as the crossed plantar reflex, whether the condition 

, present is a hemiplegia or.& paraplegia. 

I have met with slight extension of the toes—chiefly of 
the outer toes—as a crossed plantar reflex in two cases only, 
both cases of severe spastic paraplegia. 

l The clinical and pathological results obtained in this 
investigation have, for the most part, confirmed Babinski’s 
conclusions, and exceptions to his rule that the. extensor 
response indicates a lesion of the pyramidal system have 
been found so few as to ‘‘ prove the rule." 


(1) Total Transverse Lesion of the Cord. 


- In three cases of total transverse lesion of the cord I 
have found the extensor response present. Bastian’ states 
that in his cases slight movements of the toes on stimulating 
the sole were the only reflex phenomena present, but does 
not state the nature of the movement. REC 


Case L —R. L., labourer, aged 52 years, was admitted into 

St. Mary’s Hospital, under Mr. Stansfield: Collier, on September 
' 96, 1898, with a severe injury to the dorsal spine, caused 
through a fall & few hours previously. He was completely 
paraplegic, and the knee-jerks were absent. A laminectomy was 
at once performed, and the spinal cord was found completely 
-severed at the level of the fifth dorsal vertebra. Twenty hours 
later stimulation of the sole of either foot produced a sluggish 
extension of all the toes, especially’ the great toe, and this 
sign persisted till his death three days later. The response was 
absolutely confined'to the foot. The knee ates were persistently 
absent, 


Case 11.—A. G., aged 60 years, was admitted into the 
National Hospital ‘ander Dr. Buzzard suffering with cancer of 
the dorsal vertebree secondary to a scirrhus of the left breast, 
which had been removed. She had complete flaccid paraplegia 
and complete anasthesia as high’ as the eleventh dorsal root 
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level: -The knee-jerks, were absent and the sphincters completely - 
incontinent. Up to the time of writing, these physical signs 
have been constant, except that the anmsthesia is creeping up- 
‘wards. She has always shown a moderate extensor response 
at the plantar reflex. 


(Since writing’ the aboyé the T A. G., died. At 
the autopsy a mass of new growth was found compressing 
the spinal cord at the level of the seventh dorsal nerve-root. 
The cord was narrowed to the size of a crow-quill and its 
. substance was semi-diffluent at this point. ) 

Case IIT.—A. E., & laundress, aged 20 years, was admitted 
into the National Hospital under Sir William Gowers on Sept. 
16, 1898, suffering with acute syphilitic ‘transverse myelitis 
-of six days’ duration. She had complete flaccid paraplegia. 

and absolute anesthesia up to the tenth dorsal root level; 
complete incontinence and loss of knee-jerks. The plantar 
reflex was a marked slow extension of the hallux alone. The 
knee-jerks refurned ten days E and some movement fifteen 
days later. 


Although there was no anatomical proof of a total trans- 
verse lesion in the last two cases, there was full clinical 
evidence of & Phys gent total transverse lesion. 


QV Myelitis (including Seen Paraplegia). 


Of thirty- six cases repeatedly examined, thirty-four 
always showed a marked extensor response.. In one case of 
twenty years’ duration there was great organic contracture 
ofthe calf muscles, so that the ankles were fixed in a 
position of plantar extension and could not be passively 
‘dorsiflexed ` the toes were fixed in a position of flexion and 
could not be extended. The faradic excitability of the 
anterior tibial muscles was absent. The aa reflex was 
confined bo e flexion of all the toes. 

In one case of cervical myelitis there was associated 
atrophic palsy of the extensors of the toes.and loss of the. 
deep reflexes. The plantar reflex consisted in a flexion of , 
the toes.  . 

, The two following o cases exemplify the return of the 
tte to the normal on recovery. 


DÉI 
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Case IV.—Peroy O., aged 5 years, was admitted into the 
National Hospital under Dr. Tooth on April 15, 1898, with 
symptoms of spinal caries of six weeks’ duration and gradually 
increasing paraplegia of three weeks’ duration, with hesitating 
micturition; increased knee-jerks ind double foot clonus. The 


‘plantar reflexes were very strong extensor responses. 


On May 17, having been tréated with rest and extension 
since admission, he was completely paraplegic. On May 17 
‘Mr. Horsley performed laminectomy and removed & large amount 
of gelatinous tubercular material that was found pressing upon 


A the theca. 


On June 7 he began to move his legs. The wound was 
healed on June 25. 

On October 20 he could walk well, and with the exception 
of some increase of the knee-jerk, all his symptoms of paraplegia 
had disappeared. The plantar reflex was sometimes an extensor,. 
and sometimes a flexor response. 

On October 80 the plantar reflexes were constantly ia 
responses. ` He could walk and run naturally. 


Case V.—J. P., aged 34 years, an engineer, was admitted into 
the National Hospital under Dr. Beevor in November, 1898, with 
spinal caries and slight weakness of the legs. Movements of the 
legs were well performed, but with & feeling of stiffness. The 
knee-jerks were increased, and there was a little foot clonus. He 
had occasional reflex flexor spasms in the legs. The plantar 
reflexes were marked’ extensor responses ;- the extensor proprius 
hallucis contracting to a much slighter stimulus than did the 
other muscles concerned in the response. 

After a fortnight’s rest in an extension apparatus, the feeling 
of stiffness, increased deep reflexes and flexor spasm had entirely 
disappeared. The plantar reflex, after showing sometimes an 
extensor response and sometimes a flexor response, became 
constantly a flexor response. 

In these cases the extensor response was ‘the last of the 
“ spastic ” signs to disappear. - 


(8) Disseminated Sclerosis. 


V 


Of thirty cases, twenty-eight showed an extensor response 
on both sides. In one case in which the signs were limited 
to the right limbs, there was an extensor response on the 
right side and a flexor response on the left. 


4 
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In one case in which the knee-jerks were diminished and 
the chief symptom ataxy, there was a flexor response on 
both sides. 

In five cases of paraplegia, where the symptoms had 
been entirely those of functional disease and a diagnosis of 
functional paraplegia was made, symptoms of organic 
disease, such as diplopia, sphincter trouble, erythromelalgia, 
girdle sensation, &c., subsequently appeared, and the 
diagnosis was changed to (?) disseminated sclerosis. 

In two of the cases the onset of unequivocal signs 
of organic disease was accompanied by a change from the 
flexor to the extensor response and persistence of the 
latter. 

In two cases the flexor response persisted, though signs 
of extensive organic disease developed. 

In one case the tensor fascie femoris alone responded in 
the plantar reflex. 

In the differential diagnosis between functional and 
organic hemiplegias and paraplegias in adults, the presence 
of an extensor response is a most valuable sign of organic 
disease, such as is not furnished by increase of the knee- 
jerks or by the less persistent forms of foot-clonus. The 
presence of a flexor response, however, is compatible with 
the presence of organic disease. 


(4) Hemiplegia. 


Of thirty-six cases of organic hemiplegia, twenty-eight 
gave an extensor response on the paralysed side and a flexor 
response on the sound side. The reflexes were found in 
some cases very brisk, in others very difficult to obtain. 
The cases with brisk and those with sluggish reflexes were 
classified and compared, but no general fact as to the cause 
of the difference was elicited. 

In three cases the extensor response was found on both 
sides, and an autopsy in one of them—a case of right hepi- 
plegia—revealed degenerative changes in both hemispheres. 

In one case of eight weeks’ duration the plantar reflex 
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was entirely absent on the paralysed side, a flexor response- 
being present on the sound side." 

In four cases the flexor response was found on both 
sides. In one of them the leg had entirely escaped the 
paralysis. In the other three the flexor response was more 
marked on the paralysed side and was very atypical, con- 
sisting of a, vigorous flexion of all the toes. In these three 
cases the appearance of the foot on the hemiplegic side was - 
peculiar; the foot was dropped, and the toes were, when at 
rest, bent strongly towards the sole of the foot, the line 
of the inner side of the foot from the tip of the great toe to 
the heel forming the chord of a circle. This position of 
the foot is the opposite to that of pes cavus, which is not | 
rarely met with in cases where the pyramidal system is 
damaged, and which will be subsequently described as 
having & most important connection with the extensor 
response. 

I have no explanation to offer for the peculiarities of the 
plantar reflex in these three exceptional cases. 

(b) Friedreich's Disease. 

. Of six cages all showed a marked extensor response. 
Four of the cases had marked pes cavus, and the knee-jerks 
were absent. The others had slight pes oru and the 
knee-jerks were just obtainable. 

Clinically, the only sign of the affection of the lateral 
columns is the extensor response in the plantar reflex and 
the pes cavus. 

(6) Syringomyelia. 

Of three typical cases all snowed: a marked nens 
response. 
` (7) Amyotrophic Latéral Sclerosis. 


Of three cases all showed an extensor response. 


(8) Bulbar Palsy and Progressive Muscular A trophy. 


The cases in which the deep reflexes in the lower limbs 
were increased showed the extensor response. Where the 
lower limbs were normal the flexor response was present. : 


m E à 
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CaU 7. Epilepsy. e 

Of forty cages thirty-eight showed the flexor response. 
After every fit of ‘severe convulsions lasting. any length of 
time the extensor response was found present, and lasting 
some time. 

In one spatient, who suffered from periodic groups of 
attacks of severe general convulsions, the flexor response 
. Was constantly present when he was free from attacks. 

‘During & period of forty hours he had fourteen severe fits ; 
the extensor response was always present and persisted for 
seven, hours after the last attack, when the flexor response 
returned. 

The extensor response, as & rule, was present for from 
five to ten minutes after a general convulsion. 

In cases of hemi-epilepsy, not associated with hemiplegia, 
the extensor response was only present after the fits on the 
convulsed side. 

Where the general convulsions were of very brief dura- 
' tion often no change in the plantar reflex was observed. 

Cases of Jacksonian epilepsy ‘affecting the foot always 
presented an extensor response for a short time after the fit. 

The following two cases of epilepsy were exceptional :— 

Case VI.—A. S., aged 20 years, under the care of Dr. Bastian, 
had suffered with right hemi-epilepsy since a severe fit at the age 
of two years. The right arm and leg were distinctly smaller 
than the left, and the movements, although all well performed, 
were slightly weaker than those on the left side. The gait 
_ was natural, and the right knee-jerk was only slightly more lively 

than the left. She had had no fit for six weeks before admission. 
' The right plantar reflex was constantly an extensor response, the 
left a flexor response.: 


_ In “this case a lesion of the left cortex had probably 
occurred at the time of the first fit. The exteùsor response 
. was the most evident sign of the' hemiplegia, the weakness 
and impaired EES being so slight as to be easily 
overlooked, 


* 


Case VII.—J. G., aged 28 years, under the care of Dr. Ferrier, 
had suffered for two years with slight general convulsions. : 


~ 


* 


88 ORIGINAL ARTIOLES AND OLINICAL CASES 


She had not had infantile convulsions. Theres was no physical -. 
sign of organio disease, except that an extensor, response was 
constantly obtained in the left foot, a flexor’ response in. the 
right. 


I look upon this case with suspicion, and think that- d 


may possibly be & cage of cerebral tumour. 
Many patients have presented in the cub giant depart- 


ment of this hospital às cases of idiopathic epilepsy, who ` 


for years showed no sign or symptom of organic ‘disease, ' 


and subsequently developed unequivocal signs’ ‘of mt. 


‘cranial tumour. Several such cases subsequently examined 
in the post-mortem room have’ shown neoplasms i in the 
anterior parts of the hemispheres. 

I would suggest that the presence of a constant extensor 
response, since it may be the earliest sign of a damage to 
the pyramidal ‘system, may be of great value in the early: 
recognition of some of these cases. 

In the following. case of cerebral RN commencing 

with epilepsy, the presence of a unilateral extensor response 
was of great clinical value. 


1 


Case VIII.—Annie 8., aged 12 years, was admitted on Sept. 
22, 1898, into the National Hospital, under the care of Dr. 
Buzzard, -> 
. Four months before admission, üfiéra an attack of influenza, 
she began to have frequent attacks of “ petit mal." She would 
suddenly turn pale and look strange, and say “ I feel so funny. s 
A fortnight later it was noticed that in some of the attacks the 
left arm twitched. ' 

She was sent to the Meath Home for Epileptics, and when 
admitted there she was constantly falling asleep at all times of 
the day; though quite bright and natural when awake. It was 


' then noticed that she did not use the left side of her face in 


talking so well as the right. 

A month before admission her sight -began to fail rapidly. 
A fortnight later paroxysms of vomiting began for the first time 
in her illness. She had no headache until two days before 
admission. On admission she was obviously very ill. Her 
mental state was intelligent. Speech and articulation were 
normal. She had frequent Jacksonian attacks, beginning some- 


' times in the left face, sometimes in the right face, sometimes in 


y D 
, 
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, the right hand and sometimes in the left hand, remaining always 
confined to the side on which the attack commenced. She was 
quite conscious and able to speak during the attacks. Taste, 
smell and hearing were normal. There was intense optic 

: neuritis showing & commencing subsidence into atrophy. There 

„was absolutely no light perception. There was complete palsy 
of the right third and sixth nerves and partial palsy of the left 
third and sixth nerves. There was very slight weakness of the 
left lower face and of the left arm. There was absolutely no 
weakness of the legs, and her gait was natural. There was no 
localised cranial pain or tenderness. Sensation was natural. 
The knee, wrist and elbow jerks were absent and were never 

_ obtained up till her death. The plantar reflex on the right 
side was a marked flexor response, that on the left side a 

'vigorous extensor response. This condition of the plantar 
reflex persisted till the day before death, two months later, 
when she became deeply comatose, and the extensor response 
was present on both sides, but was much more marked on the 
left side. 

A month aftor her admission she dragged the left foot 
slightly in walking, but after this the hemiplegia did not 
progress. 

The autopsy revealed an infiltrating tumour of the white 
substance of the right temporo-spenoidal lobe extending as 
far as the right capsule. A tongue of new growth extended 
over the right crus and was pressing upon: the right third 
nerve. 


In this case the early attacks of “ petit mal," the somno- 
lence and the Jacksonian attacks indicated & lesion of the 
hemispheres, but did not suggest which hemisphere was in- 
volved. 

The slight hemiplegic symptoms in the left face and arm 
confirmed by the extensor response in the left foot gave an 
accurate indication as to the side of the lesion. 


Cerebral Tumour. 

Sixteen cases were examined in which there were no 
physical signs of any lesion of the pyramidal system. In all 
of these the flexor response was present. 

Cerebellar Tumour. 
Of three cases all showed a flexor response. 
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Functional Disease, . 


Of thirty-five cases, fifteen showed a SE fero 
response. . In three cases there was an extremely brisk flexor 
response on the least stimulation of the sole. In ten cases 
the flexor response was elicited with difficulty. 

In seven cases the plantar reflex had been recorded in 
the notes a8 absent, and in two of them this absence had ' 
been repeatedly noticed for years, but in all of these cases 
there was a distinct contraction of the tensor fascim'femoris 
on stimulating the sole.’ The reflex only followed the first 
few stimulations, and then disappeared. It was apparently 
very easily tired out, for it always EE after a few 
minutes’ rest. 

The absence of the plantar reflex in cases of functional 
. paraplegia where there is no anesthesia of the feet has been 
brought forward by Dr. Buzzard® as characteristic of that 
condition. So far as the absence of response in the foot is 
concerned, it occurred in 20 per cent. of all cases examined 
and almost invariably in functional paraplegia, but I did not 
meet with a functional case in which there was entire and 
constant absence of response in the muscles of the hip. 


Paralysis Agitans. . 

Of ten cases, the flexor response occurred in all, and 
the EES was sluggish. 

Tabes Dorsalis.' 

Of twenty-five cases, eight showed an entire and per- 
sistent ubsence of any response. In three cases the tensor 
fascias femoris alone responded. In five cases an attenipt to 
elicit the plantar reflex produced irregular movements of the . 
toes and foot, often of considerable range lasting some time. 
In the remaining cases the flexor response was present, in 
some cases much delayed, in some cases brisk, in others 
sluggish. Anesthesia of the feet seemed to have no con-. 
nection with the presence or absence of the reflex. In'one 
case where there was long-standing complete anesthesia to 
all forms below the knees the flexor response was particu- 
larly brisk. 

The extensor response was never met with. 


^ 


CAN INVESTIGATION. UPON THE PLANTAR REFLEX 91 
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‘Tn the’ ilow case the presence of a marked extensor 


response furnished & valuable suggestion as to the diagnosis. 


Mary C., aged 35 years, married, was admitted into the 
National Hospital under Dr. Ferrier on September 28, 1898, 
complaining of weakness of the legs and inability to walk. Her 
previous health had been good. Her first child was born dead 
at six months, and her only other child was alive and healthy. 
Her illness commenced eighteen months before admission with 
gubjective.stiffness in the calves, tingling of the feet and a tight 
girdle sensation. Nine months before admission she dragged 
both feet in walking, and had slight precipitancy of micturition. 
Six weeks before admission she became entirely unable to walk 
&lone. 

The pupils and oranial nerves, guis dises and special senses 
were normal. There fas slight blunting of sensibility over the 
feet as high as the. ankles, some loss of sense of position at 
ankles and knees. She complained of aching pains in the legs. 
There was no wasting of the lower extremities and all movements 
were performed with moderate power. There was no hypotonia. 
There was great ataxy in the legs and marked Romberg’s sign. 
In walking the feet were poorly lifted, but did not scrape the 
ground. The knee-jerks were absent. There was some precipi- 
tancy of micturition. The plantar reflex on both sides was a 
marked extensor response.” ‘ 


The.case presented at first sight-as one of atypical tabes 
but, there was a definite history that she had dragged her 
feet in walking before. she became very ataxic. This was 
not a symptom of posterior sclerosis. 

In the cases: of tabes examined by Babinski, Van 

' Gehuchten and myself, the extensor response was never 
met with: i 

Babinski states that in his cases presenting the extensor 
response every autopsy revealed a lesion of the pyramidal 
system, and the same result’ had been obtained from 
autopsies upon my cases. , 

From these facts the diagnosia of postero-lateral sclerosis 
was in this case strongly suggested. 

(Since writing the above two patients who presented a as 
atypical cases of tabes, the knee-jerks being lost and thé 
extensor response present, as in this case, have died in the 
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National Hospital, Autopsies upon both cases revealed 
marked degeneration in both the posterior and lateral 
' columns ,of the. spinal cord.) 


` Multiple Periphéral Neuritis. 


: Of fifteen cases nine gave a flexor response, Feet 
‘sluggish. In three severe cases the plantar reflex was 
entirely absent while the patients were under observation. 
Three cases showed a response confined to the tensor fascia 
femoris. 

Chorea. 


In twenty cases (including ‘three cases of Huntingdon’ 8. 
' chorea) a normal flexor response was found, 


: Anterior Poliomyelitis and Muyonathics, 


' In twenty cases of acute poliomyelitis, ' occurring after 
the patients had learnt to walk, the flexor response was met 
with. Where the muscles concerned in the response were 
involved in the palsy, the response was diminished or lost 
in proportion to the dégree of paralysis. 

In six cases of myopathy a similar result was obtained. 
One case, however, was exceptional. This was a very 
typical case of pseudo-hypertrophic palsy in a boy of nine 
years old, who. had learnt to walk when eighteen months. 
old, and had been particularly strong and active upon his 
legs till the age of four years, when his symptoms com- 
menced. In this boy a marked infantile response was 
always present. 


' In cases of neurasthenia and sciatica the plantar: reflexes 
were found normal. 


Tae IwrLUENOE OF ÜTRYOHNINB AND "Trans TOXINE 
ON THE PLANTAR REFLEX. : 

M. Babinski has recorded a case of strychnine poisoning: 
in which “le phénomène des orteils” was present and 
disappeared soon after recovery.. 

Several adults who presented the flexor rosponse have 
been’ tréated ‘under my care with increasing doses of a, 
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solution of nitrate of strychnine administered hypodermi- 
cally and I have found that when large doses—one-sixth to 
one-third grain—are given, the form of the plantar reflex 
becomes changed, and resembles that found in lesions of the 
pyramidal system. 

"The change in the reflex was noticeable about five 
minutes after the injection, and persisted for about half-an- 
hour. No discomfort beyond a slight feeling of general 
stiffness on movement was experienced by the patients 
after the injection. 

The same change persisting many weeks after recovery 
was observed in a case of tetanus recently in the National 
Hospital. 


Case X.—8. B., a healthy boy, aged 5 years, was admitted 
under the care of Dr. Hughlings Jackson, on September 6, 1898. 
Tetanic symptoms had set in ten days after a wound on the fore- 
head. The spasms were severe and confined to the head, neck, 
and upper limbs. They ceased on the tenth day after admission, 
and he became rapidly convalescent. During the stage of acute 
symptoms, and for a month afterwards, a strong, deliberate 
extensor response was invariably the result of stimulating the 
sole of the foot. On October 24 sometimes a flexor response, 
and sometimes an extensor response, with a diminished con- 
traction of the tensor fascim femoris were obtained. After 
November 1 no extensor response was obtained, & marked 
flexor response being present, with ẹ very lively action of the 
tensor fascim femoris. This form of reflex persisted as long 
as he was under observation. i 


Both strychnine and tetanus poison increase the reflex 
excitability of the spinal cord, and the cerebral control is 
thereby relatively lessened. The increased reflex excitability 
was in these cases accompanied by a return of the form of 
plantar reflex to the infantile type. 


Tre ZÆTIOLOGY or ÅCQUIRED Pes Cavus IN SPASTIC 
CONDITIONS. 


In cases of Friedreich's disease, in the family type of 
primary lateral sclerosis, in lesions of the spinal cord pro- 
ducing a spastic condition of the lower extremities, and in 
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cases of hemiplegia (especially in children and young 
people) & deformity of the foot known as pes cavus is some- 
times- met with. In well-marked pes cavus the whole foot 
is dropped; the toes, especially the great toe, are retracted, 
. forming an angle with, the metatarsus. The motatarsus 
itself is pulled’ down in front, and with the anterior part’ f 
-of the tarsus forms an angle with the posterior part of the | 
tarsus, so that the inner border of the foot has an outline 
somewhat resembling that of the letter Z.” The plantar 
arch is increased and the foot is inverted. In long-standing 
cases the metarso-tarsus is often structurally shortened. 
Several explanations have been brought forward to 
account for the development of pes cavus. Duchenne? 
considered that it is due to weakness or ‘paralysis of the 
interrossei, combined with weakness of the dorsiflexors of 
the ankle, and stated that weakness of these muscles and an 
altered electrical excitability may be found in them. He 
considered pes cavus a8 & similar condition with a like cause 


: "to “main en griffe." . 


Golding Bird” also considers this explanation valid. 

If a hand presenting “main en griffe," with its paralysed 
and atrophied muscles, structural rigidity, and marked rigid 
flexion of the interphalangeal joints be compared with a 
foot showing marked pes cavus in Friedreich’s disease, 
where there is-no wasting nor paralysis, no contraction of 
tendons, no rigid flexion of’ the interphalangeal joints, and 
no alteration of electrical excitability in the musclés, the 
resemblance between the two will be found superficial rather 
than real. : 

I have carefully éxamined many cages of pes cavus, 
and have been unable to find any relative weakness of 

' these muscles,.or any change in their electrical excitability: ' 

Duchenne's explanation applied to the pes cavus of 
spastic states is, I think, untenable, and does not account 
for the inversion of the foot, nor adequately for the increase 
of the plantar arch. 

Adams," in 1864, Se the condition to be produced 

. by spasm in certain muscles. 
Barwell,” in a recent paper, considers Duchenne’s ex- 
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planation will not account for, most of the cases. After 
discussing ihe congenital and paralytic forms, he says, “a 
third class of pes cavus is due to spastic tension in the E 
peroneal muscle. Though I cannot determine the cause of ` 
this contraction, I have more than once..demonstrated its 
presence.” ` 

I have examined a TAR nban of cases of hemiplegia ; 
and paraplegia of long duration, with spastic lower ex- 
tremities, and have found in all of them which showed an 
extensor response in the plantar reflex a tendency to that 
position of the foot known as pes cavus. . The results were 
most striking in cases of hemiplegia, where the non-affected 
foot could be taken as the normal. (Accurate measurements 
of the length of the plantar arch, &c., were taken by means 
of & flat rule placed against the sole of the foot and a 
divider working at'right.angles to the rule. ` The measure- 
. ments were also taken from accurate plaster casts of the | 
samé feet in some cases.) 

I have been able to watch the develop eg of pes cavus 
from a normal foot in three cases. The feet depicted in 
figs. 8 and 4 were those from a case of spinal caries with 
paraplegia, under the care of Dr. Bastian. This patient was 
admitted into the National Hospital with a condition of slight 
spastic paraplegia, and her feet showed no deformity; she 
became absolutely paraplegic, and pes cavus slowly developed. 
The photograph was taken a year after the onset of the 
paraplegia. 

I have also had the Sporty of examining four cases 
of -early Friedreich’s, disease with commencing pes cavus. 
In all these cases the earliest signs of deformity was retraction 
of the great toe, and the second noticeable event was spasm 
of the “tibialis posticus and peroneus longus muscles,: as 
evidenced by the constant standing out of their tendons 
behind the internal and external malleoli respectively. 

In a well-marked case, the standing out of the tendons of 
‘the extensor proprius hallucis, tibialis posticus, and peroneus 
longus is most noticeable, and is well depicted in figs. 4 
- abd 5 (in this case there was, no.structural rigidity ; the 
deformity could be easily reduced by force). Exception 
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must here be made in cases of lite Friedreich's disease where . 
considerable hypotonia has developed. 

A condition of. muscular spasm proponderating in the 
extensors of the toes, tibialis posticus and peroneus longus 
would produce æ position of the foot similar to pes cavus. 
_The toes. would be extended, thé forward part of the meta- 
tarsus.would be drawn down by the tendon of' the | peroneus `. 

"longus, attached to the. base of the first metatarsal bone, and . ^ 
' by the prolongation. of the tibialis posticus to the. middle. ' 
three metatarsal bones. ` Both of these muscles i increase the ` 
plantar arch, and both plant-extend the foot. Inversion 
of ‘the foot would result, as the tibialis posticus i is a stronger 
muscle than the peroneus longus, and i inversion ‘of the foot a 
* stronger movement than eversion.' d ue Dë 

Isolated paralysis of the tibialis postious m entire 

loss of the antero-posterior pa arch and eversion of i 
‘the foot. (Brichsen.) * 
“I, would suggest that spasm Ren im the muscles 
is the correct anatomical explanation of acquired pes cavus, 
` and there is clinical evidence that such n does actually 
. exist in these cases. 
A physiological explanation for the occurrence of such. 
. spasm must be sought for, and it will be found in the : 
. extensor response in the planter reflex. Pes cavus occurs 
noi infrequently in diseases in which a lesion of the "pro 
thidal system occurs, and I think that & tendency to, pes 
cavus may be found in nearly all such cases if they be of ` 
long standing. The extensor response is almost always 
present in such cases, and is especially marked when any 
degree of pes cavus occurs. — , 

. "The tone of the muscles supplied by. a- spinal segment: is 
EEN upon the reflex arc of that segment, and may be 
.described as the response on the efferént side to the con- 
tinuous afferent impressions reaching the dee by its 
afferent nerves. 

In the absence of the control of higher ‘centres. the, 

` physiological capacity for reflex response of the spinal 
| segment increases, and with it the muscular tone ‘which 
` may go on. fo rigidity. The. efferent impulses leaving the: 
, PY ur 
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The appearance of the left foot ab rest from the internal aspect im a 
of spinal caries under the care of Dr, Bastian, The pes cavus D 
while the patient was in hospital, The standing out of the til 
tendon is seen, (From a photograph.) 
















Fig. 4. 


The right foot from the same case as Fig. 3, seen from the outer side, 


showing the standing out of the tendon of the peroneus longus. 
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spinal segment, in the absence of control from higher 
centres, will be distributed to muscles in the same pattern 
as the,respohse to the superficial reflex connected with that 
segment. 

The form of the superficial reflex in the foot, when the 
higher centres are cut off, 18, extension of the toes, with 
slight inversion and dorsiflexion of the foot, and increase of 
the plantar arch, and marked action of the tibialis posticus 
and anticus and peroneus longus. The pattern of muscular 
tone in the same condition is this extensor response stereo- 
typed; there is relative hypertonicity in the extensors of the 
toes, in the tibialis posticus and peroneus longus, and to a 
less degree in the tibialis anticus. This relative hyper- 
tonicity, if persisting for a long time, will cause the foot 
to assume the position of more or less marked pes cavus. 
The deformity will be more marked in young people since 
the forces producing it act upon less rigid skeletal structures 
and during a period of growth, than in old people where the 
structures are more rigid. 

(The physiological basis of the muscle tone and of rigidity 
is probably far more complicated than stated above, but the 
explanation given, so far as it goes, quite suffices for the 
case at issue.) 

As a strong argument in favour of the truth of this ex- 
planation of pes cavus the three exceptional cases of hemi- 
plegia with a flexor response upon the affected side may be 
again mentioned. The deformity of the affected foot in 
these cases resembled the position a normal foot assumes at 
the height of a vigorous flexor response, just as pes cavus 
resembles the position of a foot at the height of an extensor 
response. 


Conclusions. 


(1) This investigation has confirmed those of Babinski, 
Van Gehuchten and Brissaud ın all essential points. 

(2) The plantar reflex of healthy subjects, with the ex- 
ception of infants, consists of a regular succession of con- 
traction in certain muscles to increasing stimuli. The 
response may be confined to certain muscles of the hip. It 
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. is doubtful whether the plantar reflex i is ever constantly and 
completely absent in healthy subjects. The term “ flexor 
response ” is proposed for this form of plantar reflex. 


(8) In infants, up till the age of learning to walk, the : 


succession of the contraction of the muscles in the plantar 
' reflex is entirely different from that seen in the adult; the 
change from the one form of the plantar reflex to the other 
occurring gradually with the. establishment of ‘complete 
- volitional control over the legs, usually between the second 
‘and third. year of life. The term “‘infantile response” is 
proposed for this form of plantar reflex. 
(4) During sleep the plantar ‘reflexes are diminished, 
and the infantile and adult forms preserved, except in some 
. children up to the age,of 12 years, where in deep oe the 
infantile form of reflex returns. 

_ (5) In almost all cases of lesions of the iyd 
systems the form of plantar refiex is changed, & planter 
reflex resembling closely that found in infants appearing. 
This change in the form of the reflex is one of the first signs 
of such lesions to appear, and is the last to disappear when 
the lesion is temporary., It may be the only unequivocal 
objective sign’ of a lesion of the pyramidal system. This 
form of reflex is never found under other’ conditions, and 
is a sign of great clinical value. The term “ extensor 
response " is proposed for this form of the plantar reflex. 

(6) In cases, of total transverse lesion of the cord, fhe 
extensor response is the only reflex phenomenon present in 
the lower.limbs. 

(7) In functional cases ihe plantar reflex’ is often 
difficult to elicit, and there is frequently no response in 
the foot, but in such cases a response may usually be ob- 

served in the hip muscles. The form of reflex is the flexor 
response. 

(8) In tabes dorsalis the plantar reflex was ; entirely absent 

' in 20 per cent. of the cases. The response is often confined 
to the hip muscles. The attempt to obtain the reflex 
frequently may set up irregular movements of the foot 
lasting some time. The reflex when present is the flexor 
response. 
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(9) In peripheral neuritib the reflex when present is the 
flexor response. The hip muscles respond alone in some 


cases. 1 
(10) In cerebral and cerebellar tumours the flexor res- 


ponse occurs if there be no involvement of the pyramidal 


system. : 
(11) In neurasthenia, chorea, paralysis agitans, polio- 
myelitis, myopathy and sciatica the flexor response is 


found. 

(12) In lesions of the pyramidal system a degree of pes 
cavus is frequently found. It is intimately associated with 
the extensor response in the plantar reflex, and is produced 
by a state of reflex hypertonicity preponderating in those 
muscles which respond most vigorously in the plantar 
reflex. In all such cases of pes cavus evidence of increased 
tone in certain muscles can be demonstrated. 

(18) The theory that the pes cavus of spastic conditions 
is due to weakness of the interossei is not justified. 
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NOTES ON THE CHROMOPHILIO MATERIAL IN 
THE,MOTOR CELLS OF BRAIN AND CORD, 
NORMAL (ANIMAL) AND: PATHOLOGICAL 
(HUMAN), AND ON THE REACTION (ACID OR ` 
ALKALINE)OF THE CORTES AND. OEREBRO- 
SPINAL FLUID. 


BY JOHN TURNER, M.B.ABERD. 


I. 


„Som the publication in Bratn (Winter, 1897) of a 
method of examining fresh cells, I have, at the suggestion 
of Dr. Mott, used & golution of methylene blue in normal 
salt. 

- With this the sien cornual cells of the cow, ge rab, 
rabbit and rook have been examined, as before described, as 
soon after killing as the cord could be extracted. In every 
case, even when no other medium (Farrant’s solution) has 
been employed, and the stained little piece merely pressed 
out in its own moisture under a cover glass, the chromophilie 
elements have been distinctly visible in their usual form 
and arrangement. 

And as regards human cortex no difference can be 
detected whether one uses a solution of methylene blue in 
water or in normal salt; end this refers to material which, 
in some cases, was examined only a few hours after death 
' (from onè to four or five hours), ` ` 

These observations are in opposition to Held’s view, 
that the form the chromophilic elements (Nissl bodies) 
assume is artificially produced by fixing reagents, but do 
not affect his further supposition that the acidity of the 
cortex set up after death, may precipitate the granules of 
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the hyaloplasm in the form of Nissl bodies. Van Lenhossek 
has seen in spinal ganglia cells brought under the micro- 


' scope directly after death without any acerca of reagents, 


the grains of the cell protoplasm. 
But although it may be shown that the Nissl bodies 


, exist in quite fresh cells after death, there remains the 
possibility that they are precipitated as such by an acid 


reaction in the cortex, due to post-mortem changes. Held 
asserts. that the Nissl bodies are insoluble in weak and 
concentrated mineral acids, but easily soluble in weak and 
concentrated alkalies, and he contends that during life the 
alkaline’ nature of the nerve cell fluid holds these bodies 


in solution, but that after death an acid reaction is set up 


by which a precipitation of granules takes place in the form 


of Nissl bodies. 


There is & fact furnished by pathology and which will 


be further referred to later on, also opposed to this theory of 


Held’s, and that is, that in certain morbid conditions, the 


bulky chromophilic spindles and blocks usually met with in 


healthy cells, dwindle away until they become the finest 
imaginable threads before disappearing altogether. The 
observation previously made that chromophilic material 
is met with in the fore-horn cells of animals freshly killed, 
does not prove anything decisively against the idea that the 
Nissl bodies are precipitated as granules from a fluid hyalo- 
plasm that has become acid, because, however shortly after 
lolling we test the nervous ‘substance, we obtain both an 
acid and an alkaline reaction by using different indicators. 
This I have done with animals immediately after killing, 
and with human beings as short a time as seventy minutes 


.after death, and the results of these experiments are given 


below.. 

.- Halliburton ? states that he has never failed to find an 
alkaline reaction in fresh brain, cord or nerve, becoming, 
however, a8 & ‘rule, rapidly acid after death. Langendorff 


quote? by: Halliburton) experimenting with frogs, rabbits 


! Quoted by Goldschieder wid Flatau. Norm. und Path. anat. der Nerven 
; p. 14. 
- * Taxt book of Ohem. Physiol. and Pathol., p. 515. 
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and guinea-pigs, finds’ the central nervous system to be ' 
alkaline during life, rapidly pesos acid after exposure 
or death. \ 

Heidenhain and Gschleidlen diate that the grey matter : 
of the brain is acid even during life, probably due, they 
think, to lactic acid. J. Moleschott and A. Battistini, ` 
using phenolphthalein, found that the brain and spinal cord 
were acid, the grey more than the white. 

With the exception of the last, no mention is'made in 
Halliburton of the indicator used. 

I have.tested the reaction of the cortex and cerebro- 
spinal fluid in thirty-seven bodies of insane patients varying 
from one to forty-four hours after “death, and using phenol- 
phtbalein, litmus, and methyl orange as indicators, and the 
grey matter (generally of spinal cord) of five animals (rook, 
rat, rabbit, pig, cow). 

The results are always the same for the human cortex 
and cerebro-spinal fluid. | 

Phenolphthalein.—In all cases (twenty-seven human, 
and -five animals) the grey matter discharged the pink 
colour from an alkaline (KHO) solution of the indicator. 

The cerebro-spinal fluid of the human brains also 


` 4nvariably gave an acid reaction. 


Litmus.—The paper was used; and want care was taken 
to avoid contaminating it by the cerebro-spinal fiuid, the 
results were likewise constant. cs 

In twenty-eight human brains the cortex was uve acid. 

Of the five animals, the rook’s grey matter, tested one 
hour and forty minutes after killing, gave an.acid. In the 
other four, tested as soon as the cord (or brain) could be 
extracted after killing, an amphoteric reaction was obtained, 
but the alkaline seemed the stronger, for when the blue 
paper was applied it turned faintly red; but this colour was 
evanescent, and faded after removal of the paper, but with 
red paper & permanent and decided blue was obtained. 

With the cerebro-spinal. fluid tested in thirty human 
brains, varying from seventy minutes to forty-four hours after . 
death, there was also an amphoteric reaction in twenty-nine , 
of the cases, for the blue paper was Minas! tinged red, but ' 
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the colour quickly faded, whilst the red paper was somewhat 
slowly turned of a decided and permanent blue. In one case, 
five and & half hours after death, only an acid reaction was 
obtained. 

Methyl orange.—This indicator, although it is not 
sensitive to most organic acids, reacts to lactic acid, yet, 
curiously enough, it only givés an alkaline reaction with 
cerebro-spinal fluid which after death contains this acid. 

I have never obtained any reactions with yellow (alkaline) 
solutions, but with ten human brains and one cow’s, the 
former varying from two and a half to twenty hours after 
death, a decided alkaline reaction always resulted. 

With the cerebro-spinal fluid of sixteen cases also an 
alkaline reaction resulted in every one. 

It will be seen from the foregoing that in one particular 
only does the reaction of the cortex differ from that of the 
cerebro-spinal fluid, in that the former is acid to litmus, the 
latter alkaline. Naturally the cerebro-spinal fluid, which 
permeates the cortex in all directions, will to a large extent 
determine its reaction; but the immediate and decided 
reddening of blue litmus paper shows that the grey matter 
contains substances not present in the cerebro-spinal fluid, 
or, if present, not in sufficient amount to influence its 
behaviour to litmus. 

Lactic acid was tested for by carbol. ferric chloride (4 per 
cent. carbolic acid 10 c.c., water 20 c.c., liq. ferri perchlor. 
B.P. one drop) in sixteen cases. 

A roughly quantitative estimation was attempted by 
always using 5 c.c. of the purple solution and counting the 
number of drops required to turn it completely yellow. 
This varied from seven to thirty, and, generally speaking, the 
number of drops was smaller the longer time which had 
elapsed after death when the fluid was tested, but not 
‘invariably. In three cases where the cerebro-spinal fluid 
taken from bodies seventy minutes, two and a half and 
twelve hours after death respectively was tested at the time 
of the autopsy and then allowed to stand for forty-eight 
hours, no very marked difference was found in the amount 
of lactic acid at these two different times, but if any reliance 
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is to be placed on the quantitative method employed, ib 
indicated a slight diminution i in the amount of lactic acid on: 
standing. 

Now, although lactic acid is found in the vere EU 
fluid as shortly as geventy minutes after death, it does not 
appear to be present jn the fluid during life, nor to pe 
formed in it after removal during life. 

Ihavenot directly tested for it under these FON 
but from the fact that a sample removed by lumbar puncture ' 
in the case of & ‘male general paralytic gave an alkaline 
reaction to phenolphthalein (which is sensitive to organic, 

acids), I think it is highly probable that in this case lactic 
acid was not present. This same fluid, after standing forty- 
` four and a half hours, still gave a, distinctly alkaline reaction., 

to phenolphthalein. 
' The above-mentioned observation tends to show that the ` 
lactic acid formed in the cerebro- spinal fluid after death is a ' 
post-mortem product, and that it is formed by chemical 
change taking place (post-mortem) in the brain; from ' 
whence it is carried to the fluid which bathes all parts of 
the brain. 

I would note here that although with a freshly-killed 
cow a lactic acid reaction was slowly obtained from a piece 
of cortex in carbol. ferric chloride, yet this can quite readily 
be accounted for on the assumption that the protoplasm was 
killed by the reagent and produced the lactic acid in conse- 
quence there and then. 

The results of these observations show that in human 
brains and animal both acid and alkaline substances are 
present in the cortex and cerebro-spinal finid. i 

Certain German observers have already stated that such 
was the case, for Liebreich and Langendorff, using fresh 
pieces of cortex, found that they tarned litmus blue, whilst 
Liebarkuhn and Edinger, using a &n infusion of alizarin, got, 
añ acid reaction. 


SUMMARY. z 
(1) Chromophilie material in the form of Nissl bodies is 
met with in animals immediately after killing and in human 
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beings at least seventy minutes after death,- when the 
nervous substance has merely been coloured by a solution of 
methylene blue in normal salt without any Aitne addition 
of reagents. 

. (2) The fact that.in some forms of diseased nerve cells 
the Nissl bodies show a gradual attenuation so that they 
‘dwindle down from bulky spindles and: blocks to the finest ` 
imaginable threads, is opposed to the idea that they are 
Produced by a-precipitation after death. i 

(8) The reaction of the cortex varies with different 
indicators, showing that it contains both acid anå alkaline 
-substances. 

(4) Its dese are GG whether tested two hours 
or forty-four hours after death, and are as follows :—acid. to 
phenolphthalein and litmus, alkaline to methyl orange. 

(5), With animals killed and -immediately tested, the 
grey matter gave similar reactions with phenolphthalein and 
methyl orange, but was alkaline to litmus. ` 

(6) The reactions of the cerebro-spinal fluid differ from 
the cortex, in that with litmus an, alkaline reaction is. 
obtained. Otherwise they are the same. These results 
do not differ, whether the fluid is tested seventy minutes or 

forty-four hours after death. 
(7) Lactic, acid is present always in cerebro-spinal fluid 
after death, and appears to increase with the length of the 
interval which has elapsed between the time of death and 
~ the time of testing. 


| D. 

Guides and Platon.) by subjecting rabbits to a 

` high temperature in a thermostat, succeeded in producing 

a condition of pyrexia in these animals associated with 

a changé in the fore-horn motor cells of the spinal cord. 
These changes were as follows :— 

The cells appeared larger than normal, and stained (by 

Nissl’s method) of a pale blue colour, opaque and homo- 


! Normale und path, Anat. der Nervensellen. 
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geneous; & finely granular condition could be discerned in 
relation with an ill-defined network of threads. Here and 
there were dark specks, probaly the remains of Nissl 
bodies. 

The nucleus was either not goe or indistinct, 
stained homogeneously, and was sprinkled with the Ge 
granules, and was not sharply outlined, and generally, as in y 

_the normal condition it was paler. than the cell body. 
. The nucleolus was generally irregular, jagged, and 
- darkly stained. 

The dendrites wére very pale and swollen, and presented 
slight varicosities ; they showed no SSES but only ill- 
defined granules. 

Ann result of numerous experiments, they came to the 
conclusion that a well-marked change of: the above 
description was found as soon as the animal’s temperature 
(which ranges normally from 101° to 102'7° F.) rose above 
` 109-4°, and that if one allows the rise of temperature to last 
about three hours from 107-8" to 107°6°, then the first signs 
of alteration were visible on the periphery of individual 
cells. 

Further, that & restitution from this condition occurred 
if the animal was allowed to recover; that it began after 
twenty-five and a half hours and was complete in sixty- 
eight hours. , 

Moxter, experimenting in somewhat different ways with 
artificially raised temperature in rabbits, obtained practically 
the same results as Goldscheider and Flatau, and‘ he con- 
cluded that— 

(1) A change in the forehorn célls is found after twenty- 
two and a half hours under the influence of a temperature’ 
between 104-9? and 1067". 

(2) After several days' intermittent temperature heres 
100°4° and 106°3° no changes were found. . 

(8) Twenty-three hours, with o temperature varying 
from 102°5° to 105°2°, no changes were found, not even 
whére the heightehed temperature was several times 
renewed. 

(4) That even in rabbits with. lower Kee than 


- 
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those produced in the experiments an almost complete. 
chromatolysis was met with, if the lower temperature was 
allowed to act sufficiently long. 

Goldscheider and Flatau quote two cases where with 
pyrexia similar changes were found in the fore-horn cells of 
the cord. In the first—a man suffering from tetanus, whose 
temperature for the four days prior to death ranged from 
98°6° to 101°1°, rising on the evening of death to 103°8°. 
The changes were found in all heights of the cord, in the 
cells both of fore and hind-horn, in the middle zone, and in 
Clarke’s column. In the second—a girl with scarlet fever 
whose temperature for the last twelve hours varied between 
104°9° and 105°6°—the cells of the cervical region were more 
affected than those of the lumbar. 

Dejerine (quoted by Goldscheider and Flatau) found also 
in a case of pneumonia a decided chromatolysis of the nerve- 
cells of the spinal cord, which he considers similar to those 
seen in artificial pyrexia in rabbits. 

Lugaro! asserts that experimental pyrexia causes com- 
plete disintegration of the chromatic part of the protoplasm 
of cortical and other nerve-cells without producing any other 
very marked change. 

In a paper read before the Med. Psych. Soc. in May, 
1898, I mentioned five cases of insanity in which I found 
changes in the motor cortex evidently very similar to those 
described (and figured) by Goldscheider and Flatau. At 
that time I was unaware of these experiments, yet the idea 
that they might have been caused by pyrexia had entered 
my mind, but had been dismissed because in other cases I 
had examined, where as high or higher temperatures had 
existed for some time before death, no such changes were 
found, and also because similar changes were occasionally 
met with in cases in which at least several days prior to 
death the temperature had not been raised. 

Yet another reason against the view that these alterations 
were due solely to pyrexia was that in several cases where 
the altered cells were found in the cortex those of the fore- 


! Quoted by Robertson and Orr. Jour. Mental Science, October, 1898, 
p. 740. 
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. horn, cervical spinal cord, and hypoglossal nuclei showed a ` 
fairly normal arrangement and amount of chromophilic 
material. ` i 
Whilst I think that such reasons forbid us to regard 

pyrexia as the essential cause of the changes I described, it 
seems highly probable, considering how often pyrexia is 
associated with them, that such a condition will lead to 
alterations in the metabolism capable under favourable 
circumstances of producing these changes in the nerve- 
cells. 
It is my intention here to consider in, more detail the 

condition previously described, and to bring forward other 

examples since met with, because this condition seems to 

be of a very interesting nature, and also because others! : 
^ have assumed that it was merely the accompaniment of! 
` pyrexia. 

I do not for one moment wish it to be considered that it 
is peculiar to insanity—such is not the case; amongst the 
number now brought together is & case of typhoid fever in à 

' female, whose brain showed the changed cells, and although 
she was not of normal intellect, her mental condition was 
such as to render it in the highest degree unlikely that the , 
changes found in her nerve-cells were due to insanity, but 
that they were consequent on the typhoid fever. 

Before proceeding to a description of the so-called ` 
pyrexial cell, a list is appended of cases in which there was: 
a high temperature up to death and in which no trace of a 
single cell having any likeness to those in question was to be 
seen either in freshly squeezed-out films or in sections. A 
larger number of cases might have been brought together 
very easily, but I have restricted myself to those in which, 
the temperature was ascertained to be high till at least a 
few hours before death so. as to exclude the possible 
objection that restitution changes had taken place, and also 

- to such gases in which beyond s certain amount of chroma- 

tolysis no very obvious alterations "were noted in the: cells 
when examined by the fresh method. 


‘Robertson and Orr. Jour. of Mental Science, October, 1898. 
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Demented ss 


Always wosk- 
minded; mani- 





Acute mania 


Wesak-minded ; 
epileptic 














62 


27 





Pneumonia 


Abscess and 
necrosis of 
, bone 


Exysipelas 


_Pleurisy and 


Pneumonia 


Pneumoniasnd 
Phthisis 


D 


Pneumonia and 


status epilep- 
Heng | 


Phthisis 








For two days rior to 
death varied between 
101:2?and 103°8°,gradu- 
ally rose till it reached ' 
106° ten minutes before 
death : 


For five days before death 
was always above 101?.. 
(Highest = 108:8?.) On 
the morning of her 
death = 1 


On the day before death 
it was 102° m the morn- 
ing, 104° in evening. 
Not taken previously 


For the last few days as 
follows :—E., 106°; M., 
108 8°; E., 105-2°; M., 
108°6°; B., 105°; M., 
108°. 


For the lest few days as 
folows:— M., 100°; 
1014?; 10129; 101:6?. 
T.,101:6?; 102°; 102-59; 
105° d 

The day before death as 
follows :—M., 105°; E., 
1089, The next day it 
was 102-8? at 4 pm., 
and he died at 9.25 p.m. 


For the last three days as 
follows: — M., 100°; 
1004°; 10865 D. 
104:2°; 104:6?; 103°; 
falling to 101-6? at time 
of death. 





If pyrexia alone could account for the change in cells- 
under discussion, it is quite inexplicable why in such a case 
as No: 4, where for four days prior to death the temperature 
had stood at from 5° to 8° above normal, no such change was 


found. 


- Portions from the top of the ascending frontal of each of ` 
these cases were examined both in the s condition and 


after hardening. 


H 
! 
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(A) In the fresh cells merely coloured with methylene 
blue no very marked departure from the normal as regards 
the arrangement and quantity of chromophilic material 
could be determined. 

In some the centre had a gr paler and washed- 
` out appearance, whilst others showed granular degeneration . 
ob, the Nissl bodies, but such were in a decided minority. ` 

' The cell bodies were generally irregularly angular, with 
many processes and not so large as in the so-called pyrexial 
cell, and the dendrites appeared normal in all respects, never 
showing the dull, pale blue uniform staining nor the very 
marked fragility found in such cells. ; 

. There were no special features which need be noted in 
regard to the nucleus. In some cases the nucleolus was 
large (12 ») and pale, in others of nornial size and dark., In. 
others it had quite disappeared. 

(B) In the portions of the ascending frontal which were 
fixed either in alcohol or sublimate, infiltrated with paraffin, 
and stained either with methylene blue, thionin or toluidine 
blue, there was a great uniformity in the appearance of the 
cells as regards the condition of the Nissl bodies i figs. 
1, 2, and 5). ! 

Whilst many presented a fairly normal appearance, in the 
majority & very marked chromatolysis was found in all but ' 
one (No. 5) of the cases. Its characters were as follows :— 

The apex, dendrites, and periphery of cell body always 
contained large, darkly-stained spindles, threads, or blocks. 

The interior of the cell body is occupied by & paler and 
more uniformly stained substance, which resolves itself into a, 
collection of pale and darker granules when highly magnified. .. 
. What I wish to draw attention to is the fact that . 

although there is a considerable disappearance of chromo- ' 
philic material in the cell, that which remains has not the , 
appearance seen in the so-called pyrexial‘cell. There is no, 
attenuation of the-Nissl bodies; those which remain are as 
bulky and as deeply stained as usual. The condition of 
chromatolysis met with is quite unlike that obtained either 
in the partial disappearance of the Nissl bodies with pyrexia 
or their partial restitution with the subsidence of the pyrexia. : 
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Except in one case (No. 7) there was no appearance of 
any undue shrinking of the cells, and their ground substance 
is nearly colourless. 

The apex and dendrites are stout and have a regular 
outline presenting no varicosities. The nucleus is round or 
oval, generally with a distinct limiting boundary line, and 
more or less filled with a pale, amorphous material. 

The nucleolus is generally darkly stained and regular in 
outline and varies from 4 to 6 p in diameter. Often pale 
spaces or even vacuoles are seen in it. 

Besides the ascending frontal in case No.1 the frontal 
and occipital cortex regions were also examined, and in case 
No. 7 the cervical and lumbar enlargements of the cord and 
the hypoglossal nuclei. In the former case the pyramidal 
cells of the frontal region tallied with those of the ascending 
frontal, and a photograph of one of them is given in BRAIN 
(see Winter number, 1897, p. 450, fig. 1), which shows the 
large amount of chromophilic material and its arrangement. 
Similarly the giant-cells of the occipital cortex showed no 
marked deviations from the normal. 

In ease No. 7 both fresh and hardened specimens of cord 
"were examined. 

In fresh preparations of the hypoglossal nuclei the cells 
showed a perfectly normal appearance in the arrangement, 
&c., of the Nissl bodies. In the lumbar enlargement the 
motor cells of the fore-horn were fragile; the body of ihe 
cell was occupied by a mass of rather large granules of 
chromatin (granular degeneration). The dendrites appeared 
normal. l 

In sections. —Many of the fore-horn cells of the cervical 
enlargement presented considerable chromatolysis, charac- 
terised by the same features as mentioned in describing the 
ascending frontal cells, others appeared normal. In the 
lumbar enlargement a similar appearance of cells was seen 
as in the fresh preparations, the cell is filled with masses of 
chromatin rather smaller than usual and not rod-shaped 
(crumbling of chromophilic material). At the boundary the 
masses are larger and of a square contour. The dendrites 
appear normal. 
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Turning now to the cases which showed a similar condi- 
tion of cells to that found in.rabbits’ cords after experimental 
pyrexia, the following table, contains a list of these, and 
gives the form of insanity and the cause of death, Zo, 


4 




















sarooma) 








Dante II, 
No | Bex.) Agé.| Form of Insanity, . Cause of death. Remarks. ' 
1;M.|40| Acute general Pneumonia .. | Recently had a seizure 
paralysis before his death. Tem- 
perature not stated 
2 | M. | 49 | General paralysis | Seizure -. | His temperature rose to 
` ` 105? P. before death ` ` 
31. | 85 | Weak - minded | Status epilepti- | Temp. for last three days : 
/ from epilepsy cus; pneu. KL, 100°; 100-4? ; 101°. 
monía "D. 101°4°; — 10045. 
Died 9.20 p.m. 
4| F. | 25 | Acute puerperal | Peritonitis Temp. at 6 p.m. of day 
mania of admission was 100°4°; 
next morning, 100°2°; 
7 p.m. 108°4°; 9.15 
pm, 104-6? ; 11.45 
p.m, died 
5 | F. | 49 | General paralysis | Seizure Temp. on morning of 
death = 1 l 
8 | F. | 58 | Dementia and | Status epilepti- | Two days -before death, 
epileptio cus evening temp., 99°4°; 
next morning, 96'4°; 
at6p.m.,106°6°. Died 
7.80 a.m, next day 
7 |B. | 24| Acute delirious > Temp, not raised for 
" manis ' several days prior to 
: death ` 
8 | M, | 89 | General paralysis | General paraly- | Temp, not stated 
: (chronic lead ais 
l poisoning) 
9 | F. | 44 | Weak-mindedand Typhoid fover | Temp. high 
fatuous; result P. hig 
of chronic alco- 
holism. 
10 | F. | 48 | Chronic mania... | Pneumoninand | Had a temp. rangin 
` pericarditis between 102° and 104 
for nine days prior to 
death `. 
11 | F. | 40 | Dementia +» | Cerebral tu- | Tomp. always sub- 
mour (glio- | normal ` 
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Although in most there was a raised temperature 
immediately prior to death, yet there are two exceptions 
to this rule (Nos. 7 and 11), and in one other case (No. 8) it 
can scarcely be supposed that the temperature reached was 
` sufficient, on Goldscheider and Flatau’s showing, to have 
caused the changes in the cells which were met with. 

Portions of brain, as in the last series, were taken from 
the top of the ascending frontal and examined both in a 
fresh state and after hardening. 

(4) Fresh films stained in methylene blue. 

Although the following description refers more particularly 
to the giant-cells of the cortex, yet it also applies to the other 
pyramidal cells. The cells appear large and blown out; 
they have to a large extent lost their multi-angular shape 
and have a more rounded contour.. The cell body and apex 
stains of a dull, uniform blue, but with high magnification a 
finely granular condition is seen. Very often towards and 
in the apex are seen thin threads stained of a darker blue, 
which are the attenuated remains of Nissl bodies (fig. 7). 

Although generally not much pigment is present, sonie- 
times there is a large amount of it. 

The dendrites, which are fairly numerous and fairly 
bulky, stain throughout of the same dull blue tint as the 
cell body. They are extremely fragile. The nucleus, when 
visible, is most often a pale, ill-defined zone around the 
nucleolus. p 

The nucleolus is generally central, and is very rarely dis- 
placed to the side of the cel. It is always round or oval, 
but varies considerably in size (from 5 to 12 u) and depth 
of staining. Toa large extent the latter is in inverse pro- 
portion to its size; the larger it gets the paler it becomes, 
until in some cells it is quite invisible. 

In cases 2, 7, 9, and 10 it is in almost all cells very pale 
and large (11 x), with a blurred outline. In some cells it is 
only just visible, in others quite invisible. 

In cases 3, 5, and 6 it is generally small (5 to 6 yw), very 
dark—indeed, almost black—and stands out prominently 
from the pale background of the cell body. 

In the other cases there is & more general mixture of the 
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two kinds described, so that it is difficult to say whether the ` 
large pale or the small dark nucleolus predominates.’ , 

The large pale nucleolus in sections from hardened tissue 
shows often as pale multi-loculated bodies not much larger 

‘than usual, the probability being that -by dehydration they 
have shrunk. 

Vacuolation or irregular staining of the nucleolus i is not 
seen in fresh preparations before fixing. 

With the exception of the differences noted in the 
nucleoli there is a great likeness between the cells of all the 
. cases. My description. will apply to the great majority of 

_ the cells seen, but some are met with which are very pale 
and appear as ghost-like forms of the others. In some of 
these pale cells a nucleus is' seen staining of much the : 
same depth as the cell body, with & definite but fine border. 

(B) On examining sections which have been subjected to 
fixing agents (aleohol or sublimate) the cells no longer 

present in the different cases quite such an uniform character, 
but the difference is mainly in the shape and depth of 
staining. 

The giant-cells are generally large and rounded, filling 
out the entire pericellular space, but with some cells there 
appears to have been considerable SES and this space 

is large. 

The dendrites are manifestly thinner than in one 
cells, and probably less numerous, and not infrequently show ` 
varicose dilatations. 

Sections stained ‘in thionin or toluidin blue present a 
very characteristic appearance, owing to the universal but 
pale violet-tinted staining of the cell and its processes. The 
whole of the protoplasm staining of the same depth. It 
appears impossible with these stains to get a deep colour in 
the cells. High magnification of the apparently uniform 
cell body shows a delicately granular background, with 
larger and darker granules sprinkled about. In many cells 
remains of Nissl bodies‘ can be detected in the apex and 
about the periphery. These are in the form of Ge 
threads (figs. 8, 4, 10, and 11). 
ge This gradual attenuation of the Nissl ‘bodies, antil the 
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originally big spindles or rods have dwindled away to fine 
threads, is a point worthy of note in reference to the question 
as to the origin of these bodies by precipitation, and cannot 
easily be accounted for by Held's theory. 

In the sections a large cell is occasionally seen which has 
absorbed the stain deeply, and appears blotchy, showing 
little or no detail, but these are in most cases very few and 
far between. 

The nucleus presents no peculiarities from those described 
before; we see an ill-defined granular mass arranged more 
or less in the form of an irregular mesh work, and described 
as such by German observers, but which it seems more 
likely is merely the representation of a coagulated albuminous 
mass, which during life and before fixing occupied this body 
‘as a fluid or semi-fluid material. 

The nucleolus varies somewhat, corresponding probably 
to the variations noted in the films. It often, although 
darkly stained, shows a number of pale or colourless spots 
(fig. 4). In other cases it is pale and with a multiloculated 
appearance. 

There is not the extreme difference in size met with 
in the fresh preparations, probably because the large pale 
nucleoli noted in the latter are more fluid in nature and have 
contracted more when subjected to dehydrating agents. 

In cases 7,10, and 11, besides the ascending frontal, 
other parts of the nervous system were examined, viz., the 
cervical cord in No. 7 and cervical cord and hypoglossal 
nuclei in Nos. 10 and 11. 

In these parts, both in fresh and hardened preparations, 
the chromophilic material appeared generally in normal 
amount and arrangement, but in some few cells chroma- 
tolysis of the character previously noted was seen. 

There can be no question that as far as morphological 
appearances go the cells of all the cases, with the exception 
perhaps of one (No. 7), represent a similar pathological 
condition, and as regards this one there are certain facts 
which render it probable that it belongs to the same category, 
but probably in a more advanced state of disease. 

In fresh preparations its cells appeared identical with 
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those of the other cases, and in certain parts of the sections, 
always at the base of, a convolution, some were seen which 
were not shrunken and appeared identical to those seen in 
sections from the other cased, also in nearly all the sections 
from these latter certain cells were met with which stained 
densely and appeared shrunken, and, in fact, had very much 
the appearance of the majority seen in No. 7. 

Case No. 7 appears of sufficient interest to warrant a 
brief description. It was that of a well-developed, strong 
girl, aged 21, who, previously to her mental affection, had 
always had good health. She was admitted here suffering 
from acute delirious mania of only a few days’ duration, and 
whilst in this state had jumped out of a bedroom window 
and badly bruised herself, but beyond the bruises did not 
appear to have sustained any serious injury to her system. 

She was violently excited for the first few days after 
admission, and then showed signs of collapse with intervals . 
of restlessness, when she would toss her arms about and 
move her head. A large bleb formed on her right heel, her 
tongue, which at first had been heavily furred but moist, 
became dry, brown, and cracked, and she died seven days 
after admission. Her temperature and pulse was as follows: 
—-August 2, 5.80 p.m.,101°4°; pulse 123. August 4,4 p.m., 
97°8°. August 5, 6.45 p.m., 99°8°; pulse 142. August 6, 
9 am., 98°6°; pulse 123; 7 pm., 99°2°. August 7, 7.80 
&.m., 98:6"; pulse 124; 7 p.m., 986°. August 8, 8.30 a.m., 
98:6?; 6 p.m., 984". August 9, 8.80 a.m., 984°; 7.30 p.m., 
98:27. She died at 6.20 a.m. on the 10th. The autopsy 
was held four and a half hours after death. 

On the external surface of the dura mater was a thin, 
soft, dark clot,40 x 80 mm.; it lay over the middle portion 
of the right second frontal convolution. The veins of the 
arachnoid were much engorged. There was excess of pale, 
reddish fluid in the lateral ventricles. No other morbid 
appearances noted in the head except perhaps some shrinking 
of the convolutions at the vertex, and the cortex was dark in 
colour on section. The encephalon weighed 1,218 grammes. 
The heart was small (245 grammes), and there were some 
atheromatous patches on the aorta near the valves. The 
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liver was pale. In other respects the thoracic and abdominal 
viscera appeared healthy. Portions of the ascending frontal 
at the top on both sides were examined fresh, other pieces from 
the same region were fixed im 10 per cent. formal. followed 
by absolute alcohol. Pieces of, the liver and kidneys were 
put into Müller, and when examined microscopically the 
latter, except for very slight fatty degeneration in the 
superficial parts of the cortex, appeared fairly normal, but 
the liver showed very general and marked fine, a de- 
generation at the centre of the lobules. 

In the brain the fresh films showed the atk of the 
motor cortex, quite indistinguishable from those already 
described in general appearance and with the same ex- 
tremely fragile dendrites. Fig. 7 shows one of them. There 
is evidence of remains of Nissl bodies in the form of fine 
threads in the apex. 

The nucleolus is large, pale, and indistinct. The 
dendrites stain of a pale, dull blue, and all over alike. 

The only difference noted in the cells was that some were 
pale and ghost-like, others darker and more dense. 

In the sections the nerve-cells of the second layer 
appeared normal, but in all the deeper layers they were 
much altered. The pyramidal cells staining uniformly 
throughout of a somewhat paler colour than usual and with 
absolutely no chromophilic material, presented identically 
the same appearance as the pyramidal cells seen in the 
other cases of Table IT. 

The greater number of the large nerve-cells (giants) were 
much shrunken, darkly stained, and somewhat distorted, 
with a wide pericellular space around them. The staining 
of the cell body was so dense and diffuse that all detail was 
obscured (see figs. 6 and 8). 

The nucleus was generally central and round or oval, 
but sometimes irregularly encroached upon by the proto- 
plasm of the cell body. Nucleolus, round and dark. The 
dendrites, few in number, were dark and thin and devoid of 
chromophilic material, showing in places varicose dilatations 
along their course. The apex was very irregular in contour 
and in the way it stained, being very dark in some places, 
pale in others. 
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Others of the big nerve-cells were less darkly stained, 
and appeared as though consisting of fibres arranged as an 
irregular meshwork, whilst the apex had a-rough, unravelled 
aspect (fig. 9). And lastly, as before mentioned, ‘a few 
. cells characteristic of: the other cases of Table H. were 
geen, ` 

. The blood-vessels were EN and showed masses: v 
pigment, staining of a green colour, lying in the adventitia . 
and perivascular spaces. In some of the larger vessels in 
the pia there was an aggregation of numbers of polymorpho- 
nuclear leucocytes filling up their lumen, whilst others were 
wholely or partially blocked up by & homogeneous hyaline 
material which stained of a greenish blue.. -> . 

No appearance of any neuroglia proliferation,” ~ . 

The upper part of the cervical cord was also examined. 
The fore-horn cells were shrunken and deeply stained; the 
majority show the usual arrangement and quantity of Nissl 
bodies, whilst others with their dendrites are throughout 
stained darkly. 

Now, unless we suppose that the fall, which probably 
was the cause of the small hemorrhage on the dura, also 
produced such disturbance in the cerebral hemispheres as to 


give rise to. the condition of cells found—a supposition not ` ` 


very probable—then we must take it that the pathological 
appearances noted were directly associated with the insanity. 
What relation did the one bear to the other? 
I would suggest from the following considerations :— 


(1) The acute nature of the mania and its rapidly fatal n 


result,. 

(2) The absence of naked eye lesions to account for such 
, a termination, 

(8) The changes in 1 the nerve-cells, and. i 

(4) The highly suggestive fact of the fatty enge 
of the liver in so young a girl. 

That a wide-spread toxic influence, was at work and that 
the. chain of events was somewhat as follows:—  . 

(1) Mental disturbance. : E 

(2) Perverted metabolism resulting in is SERE free of . 
. toxins in the system. : 
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(3) Action of these on already disordered nervous system. 
This also is the hypothesis that I would advance to 
account for the changes in the cells of the other nine cases. 

A glance at the cause of death in Table II. will at least 
show that the circumstances under which we come across 
such cells are highly suggestive of poisoning, and to give an 
instance illustrating this we can almost count upon meeting 
with them in the braing of general paralytics who have died 
in seizures. 

But whether this explanation is accepted or not, I think 
that sufficient reasons have been brought forward to show 
that the changes under consideration are not due directly or 
solely to pyrexia. 


Summary (Parr IL). 


Nerve-cells are met with in the human cortex, which are 
similar in appearance to the fore-horn cells found in the 
cords of rabbits after experimental pyrexia, but that pyrexia 
alone cannot account for their condition is shown by the 
following facts :— 

(a) The frequent occurrence of pyrexia lasting until 
death in cases where such cells are not found, either in 
brain, hypoglossal nuclei, or cord. 

(6) The occurrence of these cells in the cortex of cases 
which had shown no pyrexia, or in which the pyrexia had 
been too slight to account for them. 

(c) And finally, the fact that in certain cases, while these 
cells were found in the cortex they were not met with in the 
hypoglossal nuclei or in the cervical cord, the nerve-cells 
in these places showing the presence of Nissl bodies in a 
fairly normal condition. 


NoTR. 


' Since the above was written I have examined the brain 
from & man, age 34, suffering from acute mania, who died' 
of diphtheria. His temperature two days before he died was 
102° F., and although I have no record of it before that time, 
there can be no reasonable doubt that it was high for some 
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days previously, as when it was first taken the disease was 
in an advanced stage and his neck glands much involved. 
The day following it had risen considerably, and shortly 
before his death was 104° F. 

Portions of the ascending frontal convolutions of both 
sides were examined fresh and after fixing in sublimate. 

As regards the fresh method, although some eight or 
nine films were prepared and numbers of large nerve-cells 
seen in all, not one showed any appearance of the so-called 
pyrexial cell. 

A very considerable number was stained of a dark, bright , 
blue and had & normal stichochrome arrangement of their 
chromophilie elements throughout the entire cell; the 

‘dendrites were bulky and unstained, except for distinct 
threads of chromophilic material. 

The majority, whilst presenting a similar appearance to 
the above in apex, dendrites, and periphery of cell body, 
showed in the interior a condition of granular degeneration 
of the Nissl bodies. 

In some the granules are big and close set (dark cells), 
in others smaller and further apart (pale cells). ` 

A perfectly analagous appearance of big cells was seen in 
the sections; and, in respect to the smaller pyramidal cells, 
although the chromophilic material may have been dimin- 
ished, yet they failed entirely to show the quite characteristic 
appearances described before in the cases associated with 
the so-called pyrexial cells. 

In many of the big cells in the films the nucleolus was 
pale, ill-defined, and more or less increased in size, in others 
it was quite invisible; but in the sections all of those seen 
were dark, sharply defined, and not above their usual size. 

That there is some relation betWeen certain fevers and ` 
states of insanity has long been recognised, and it is 
interesting to note that manifest changes of the nerve-cells 
can be detected in two of those fevers after attacks of which 
improvement or recovery of mental condition has occurred. 
I refer to the typhoid fever case recorded above and to a 

. case of scarlet fever mentioned by Goldscheider and Flatau. 
In this case, however, only the changed condition of the 
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motor cells of the spinal cord is referred to, and apparently 
the brain was not examined. 

As far as I know no such improvement has been noted in 
cases of insanity after attacks of diphtheria, which does 
not appear to affect the central nerve-cells so profoundly 
or in which at least there is not the very palpable alteration 
such as are seen with typhoid and scarlet fever. 


DESORIPTION, OF THE FIGURES. 


AU were photographed with py osl immersion (Beck), No. 2 eye-piece 
(2292), with the exception of No. T, which is with 4 in. This last o from 
a fresh preparation, the others from sections. 


Fra. 1. 


Shows a fairly normal arrangement of Nissl bodies in the form of blocks 
and granules; the axis cylinder is also seen, and one stout denirite with 
chromophulic threads ın it (Case 5, Table I.). 


Dro 2. 


Two cells from same case with normal arrangement of Nissl bodies. At 
the lower left hand part of the right cell 1s the axis cylinder eminence. Some 
pigment at the lower end of left cell. 


Fia. 3. 


Two cells from Case 10, Table II. Both stain diffusely and rather deeply, 
and show coarser ules on & finer granular background. In the upper cell 
a few attenuated ds of chromalin are seen 1n the apex. Small vacuoles 
1n nucleolus. 


Fie. 4. 
Paler cell from same case with pigment at lower end. The attenuated 
ehromophilio threads are well shown, Nucleclus vacuolated. 
Fig. 6, 


Gell from Oase 8, Table I. Pigment in lower end. Bulky chromophilic 
spindles in upper part. Nucjeolus vacuolated. A stout dendrite shown, 
unstained except for the chromdphile threads, ‘ 


Fis. 6. 


A darkly stained cell from Case 7, Table IL, showing no chromophilic 
material Apex and dendrites darkly stained throughout; the datter thin, and 
with varicose dilatation, 


Fra. 7. 


Same case. A fresh cell with a small patch of pigment at lower right 
end. Faint remains of chromophilic material seen in apex. Dendrites stain 
uniformly and are devoid of chromophilo material, Nucleolus ill-defined. 
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F 


Dro 8. 


Same case. Darkly stained cell, showing & very ragged and irregularly 
contoured apex, > x : 


Frc. 9. 


Same case. Pale cell with: rough, irregular mesh work appearance of 
body and aper. 


D 


Fras. 10, 11, 12, 


Cells from a case of typhoid fever, Case 9, Table IT. 

Fig. 10 is a rather darkly stained cell with thin threads of.chromophilio 
material shown in the apex end processes. Nucleolus is vacuolated. Fig. 11 
` also shows fine threads in apex and upper two-thirds of body; the lower 
third is ocoupied by pigment. Fig. 12 18 a very pale cell, uniformly stained, 
except for one or two little masses of chromophilio material. Nucleolus 18 
vacuolated. í . 
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ON A FORM OF NERVE TERMINATION IN THE 
CENTRAL NERVOUS SYSTEM, DEMONSTRATED 
"^ . BY METHYLENE BLUE.” 


BY WILLIAM ALDREN TURNER, M.D., F.R.C.P., 
AND 


WILLIAM HUNTER, M.B., O.M.(ABERD.). 


(From the Neuropathological Laboratory, King’s College, London.) 


SiNoE the introduction of the chrome-silver method into 
nerve histology,.our hitherto accepted views upon the 
relations of nerve-cells have been completely transformed. 

The two chief conclusions based upon this method are: 
first, that axis-cylinder processes and their collaterals, as 
well as protoplasmic processes, have free terminations; and 
secondly, that there is no such thing as anatomical continuity 
of nerve elements. i 

In 1891 Waldeyer! introduced the term neuron, which 
he defined as follows:—“ That the central nervous system 
is made up of numerous nervous units; that the axis- 
cylinder in every case springs directly from the cell, and 
further, that all nerve-fibres or fibrils have free terminations 
by means of tufts or brushes (endbaumchen, endbuscheln). 
There is no such thing as formation of net or anastomosis.” 

. The first light thrown upon the cellular structure of the 
central nervous apparatus was in 1865, when Deier? 
` pointed out.the distinction between axis-cylinder and proto- 
plasmic processes. His results were soon confirmed, by 
many observers, as Arndt, Schultze,* Kölliker," Retzius,® 
and others. 

Meynert” and Besser? believed that the protoplasmic 
processes of different nerve-cells anastomosed freely with 


* We are much indebted to Professor Ferrier for the opportunities afforded 
io us for this investigation. 
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each other. In 1871 Gerlach? propounded the theory that a 
network was formed, composed of afferent fibres and the 
protoplasmic processes of nerve-cells, out of which arose 
axis-cylinders. That is to say, there was no real difference 
between protoplasmic and axis-cylinder processes and the 
grey matter was a network of continuous strands. 

The question may be said to have been left open until 
the publication by Golgi, in 1875, of his method for 
impregnating the brain with silver. The conclusions which 
he deduced were, first, that the network was made up only 
of axis-cylinder processes and collaterals ; and secondly, that 
the protoplasmic processes were to be regarded as subserving 
nutrition and had relations with the blood-vessels and 
ependyma cells. 

In 1887 Forel, Retzius!? (using Eihrlich's original 
methylene blue method),* and His? (by embryological 
research), were led to doubt the existence of the network, 
believing in the discontinuity of the elements. 

Later, the researches of Ramon y Cajal, Kölliker,” van 
Gehuchten,* and Lenhossék! confirmed their results, that 
the grey matter w&s composed of a feltwork of inierlacing 
but discontinuous fibrils. 

In this way arose the present accepted theory of trans- 
mission of impulses by contact only. 

It would appear, however, as if the varieties of nerve 
termination, described by those who have largely employed 
the chrome-silver method, are not the only forms existing in 
the central nervous apparatus. There is also reason to doubt 
whether the terminations, described by these observers, are 
80 universal as the study of their writings would lead one to 
suppose. In 1886 Ehrhch? initiated the method of staining 
nervous tissue by methylene blue. Owing to the exceptional 
position which Golgi’s impregnation method attained, years 
passed before Ehrlich's method came into anything like 
general use. Interest in the subject, however, was never 

* Retzus, in invertebrates, injected 02 per cent. solution of methylene 
blue into the body. After a few minutes the central organs were laid bare 
and exposed to the air. Hxamuination was made from time to time in order 


to determine the time required for good results. The specimens required to 
be examined microscopically at once, 
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entirely lost, and from the first papers on the subject by 
AÀronsohn,? until the present day, it has been more and 
more recognised that in this one has to deal with a method 
as original as, and perhaps superior to, the impregnation 
methods of Golgi and Cajal. In fact, the method, if carried 
out successfully, bears out Ehrlich's original statement: 
“ That methylene blue possesses an extraordinary relationship 
to the finest and most delicate branches of axis-cylinder pro- 
cesses, and therefore tt is possible to follow owt definite nerve 
endings in the living condition and with a clearness that 
cannot be attained by any other method.” 

In 1895 Bethe*® discovered that by the use of certain 
salts—the molybdates—methylene blue could be fixed in the 
parts already stained. This made it possible to obtain good 
sections from parts selected for examination. His researches 
were, however, mostly confined to invertebrate animals. 
Shortly after this Semi Meyer?! applied Ehrlich's method 
to vertebrate animals by means of subcutaneous injections 
of, methylene blue, employing as his fixing agent one of the 
solutions recommended by Bethe. By this means the brains 
of even the higher mammals can be thoroughly saturated 
with methylene blue, afterwards fixed, embedded, and 

‘sectioned. If this be carried out carefully and successfully, 
the structure of the central nervous apparatus is brought 
out with a clearness thai cannot even be attained by the use 
of the chrome-silver method. 

Meyer,” in his latest publication, describes a variety 
of nerve termination which he has met with in various parts 
of the brain, and comes to the conclusion that it takes the 
form of a very fine basket of fibrillie over the cell body and 
protoplasmic processes. From his preparations, however, 
no conclusion could be drawn whether this basket-work was 
made up of a meshwork of continuous fibrils, or of a texture 
in which each fibril retained its individuahty. 

He further points out the relations of the dendrites to 
the cellulipetal fibre. According to Cajal and v. Gehuchten, 
the protoplasmic processes are the parts of the neuron which 
receive afferent impulses and conduct then) to the cell. 
Meyer’s preparations have led him to believe that there 
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exists no difference between the cell body and protoplasmic 
processes, the basket-work being as clearly defined on the 
. dendrites as on the cell body, and that the afferent fibre in 
most instances is found to enter into relation with the 
neuron near the summit of one of its EEN 
processes. 

This type of bebe has been Se noted by 
Auerbach,” Bethe,” Golgi,” and Held,” but from the de- 
scriptions given, one is unable to form an idea as to the , 
ultimate behaviour and relation of the cellulipetal fibre to ` 
the body and protoplasmic processes of the cell around 
which it ends.: 

The use of the chrome-silver method and its modifica- 
tions is open to objection. In fact, the number of modifi- 
cations, which it has already undergone, clearly prove the 


` - imperfections inherent in it. Being a precipitation method 


it obscures structure; that is to say, the finer structural 
, details of the elements impregnated cannot be investigated 

owing to the intensely black deposit on the cells and branches 
proceeding from them., 

. The formation of E EH the capriciousness of the 
| method, its: imperfect durability, and lastly, the defective 
means it possesses of differentiating nerve-cells from neuroglia 
cells, constitute additional imperfections. Therefore the: 
use of other methods is necessitated in order to éxamine in 
detail the structure of the tissue elements. 

It has been noted that most of the Geier 
mentioned can be overcome by the use of subcutaneous 
injections of methylene blue intra vitam. This method is 
much more certain and the structure of nerve-cells, pro- 
cesses, and nuclei can be madé out. By the use of methy- 
lene blue neuroglia elements are eliminated, nervous tissues 
only being stained, and médullated a8 well as non-medullated 
.fibres are defined. 


Our OWN OBSERVATIONS. 
The method: which has been adopted by us is briefly as 
follows ;—&mall quantities of a saturated solution of methy- 
lene blue are injected subcutaneously at intervals of from 


m 
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fifteen to twenty minutes until the animal dies! The central 
nervous organs are rapidly removed, sliced into convenient 
blocks, and placed in & solution of ammonium molybdate for 
purposes of fixation. After washing, hardening, and em- 
bedding, the blocks are cut as usual and mounted with a 
cover-glass. Various animals have been employed for this 
purpose—monkeys, cats, dogs, rabbits, guinea-pigs, and 
mice. The best results are obtained with rabbits from six 
weeks to two:months old. 

Description of the Nerve Termination. —The arrangement 
which we regard as the termination of a nerve fibre is in the 
form of a lattice or network surrounding chiefly the cell body. 
For the sake of clearness this may be described as studied 
under different powers of the microscope. 

(L) Under 4 inch objective (Swift), and the nucleus of 
the posterior quadrigeminal body selected for preference. 

The terminal is to be found in connection with the 
large cells of this nucleus, and the following appearances 
would indicate that we have to deal with a pericellular 
arrangement (plates i. and ii., figs. 1, 4 and 5). 

(a) When in clear focus the cell shows a deeply blue- 
stained peripheral zone. 

(b When thrown out of focus the characteristic cell 
&ppearance is replaced by & series of fibrille radiating over 
ihe cell and nuclear region, in connection with which are 
numerous deeply-stained particles. This is not clearly por- 
trayed until the nucleus is almost invisible. 

(c) À similar condition may be observed over the roots 
and main stems of the protoplasmic processes. 

(II.) In order to define more clearly the minute structure 
it is necessary to study the cell under 44 inch oil immersion 
(Swift), when the following may be seen :— | 

(a) The peripheral zone is found to be nodose and conter- 
minous with the periphery of the cell. At times it presents 
almost a "7 thorny " appearance (plate i., fig. 2). When the 
cell is in clear focus the peripheral zone is found in almost 
all cases to cross the base of the protoplasmic processes. 

(6) When the cell is thrown out of focus the fibrillated 
structure already mentioned is now found to be a lattice 
work enshrouding the cell (plate i., figs. 1 and 5). 
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The particles, to which reference has already been made, 
represent the points of interlacement of the fibrilla. The 
general appearance is that of a very fine web or meshwork 
covering the cell and roots of the protoplasmic processes. 
In favourably stained specimens, there is one part of the 
cell in which the lattice work is most clearly seen, namely, 
over the root of the axis-cylinder process, where, as clearly 
shown by other methods, there is more or less deficiency 
in the so-called “ Nissl bodies.” In these cases the deeply- 
stained network stands out clearly from the faintly-stained 
cell background. 

The Cellulipetal Fibre—As far as we have been able 
to observe, this fibril is characterised by the following 
appearances (plate i., fig. 8) :— 

(1) It is a fine, de&ply- -stained fibre. ` 

(2) On various parts of its course it presents & looped or 
varicose arrangement, occurring either singly or in pairs, the 
latter having a characteristic “pair of spectacle” appearance. 

(8) From it collaterals are given off at right angles. 

(4) It does not present & protoplasmic structure like 
dendrites. 

(5) It never presents a thorny appearance. 

(6) In some cases it reaches the cell body by way of the 
principal stem of a protoplasmic process (plate ii., fig. 3). 

(7) There is no evidence of its breaking up into a network 
before reaching the cell body. 


„Localities in which the Termination has been found. 


(1) Cerebral Cortex (plate i., figs. 1 and 2).—According 
to our experience, nerve-cells take on tlie methylene blue 
stain in two ways, whether in the cerebral cortex or in 
other parts. In all regions which we have examined, 
deeply as well as faintly-stained cells have been observed. 

It is in connection with the faintly-stained cells that we 
find the terminal arrangement most typically developed ; 
but it 1s also to be seen in relation with those which take on 
the stain more. deeply. 

In successful preparations, numerous examples of the 
lattice work are to be found in all areas of the cortex, but 
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more especially in that corresponding to the Rolandic area 
in man. They are limited, so far as we can make out, to 
the large and small pyramidal cell layers, but there is no 
clear evidence as to which cells the ending stands in relation. 
The cellulipetal fibre appears in most cases to run in from 
the molecular layer and meet the cell near the base of a 
principal protoplasmic process. We are unable to confirm 
Meyer’s conclusion, that the afferent fibre splits up on a 
protoplasmic process near its summit. 

(2) Optic Thalamus.—One of the best examples of this 
type of termination was found in this ganglion (plate ii., 
fig. 3). The ending was in relation to a large, three-cornered 
cell of the pulvinar. ‘The cellulipetal fibre joined one of the 
principal protoplasmic processes at some distance from the 
body of the cell, but did not break up into a lattice work 
‘until it reached the cell body. Before reaching the proto- 
plasmic process this fibre showed distinct thickenings or 
nodes at irregular intervals. 

(8) Internal Geniculate Body. ; 

(4) Anterior and Posterior Quadrigeminal Bodies (plate . 
i., figs. 4 and 5). l 

' (5) Red Nucleus. 

(6) Lateral Fillet Nucleus. 

(7) Superior Olivary Body. 

(8) Ventral Auditory Ganglion. 

(9) Tuberculum Acusticum. 

(10) Detters’ Nucleus. 

(41) Dorsal Vago-glossopharyngeal Nucleus. 

(12) In Motor Cranial Nuclei, namely, Oculo-Motor, 
Facial, and Hypoglossal. 

In the above-mentioned motor nuclei we have found the 
endings always in connection with faintly-stained cells, 
which present characters as regards shape, number, and 
length of protoplasmic processes, &c., differing from those 
which take on the stain more deeply, namely, multipolar 
cells. Meyer has observed a similar condition, and it would 
appear from our preparations that at least two varieties of 
nerve-cell are present in those nuclei. 

Thus far we have been unable to find this termination 
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in the substantia gelatinosa, of Rolando, or in any part of the ` 
spinal còrd.. These are parts òf the central nervous system 
in' which, according to the chrome-silver method, so-called 
nerve endings are specially well seen (Cajal, Kölliker). To 
account for this discrepancy we are unable at QE to. 


offer ‘any explanation. 


(18) Cerebellum.— Apart from the corpus, dont cere- 
belli, no termination of this.nature has been discovered. In 
this latter nucleus the lattice work, surrounding the cell 
body &nd principal protoplasmic processes, presenta the 
‘same characteristics as'elsewhere. 

Not only does the methylene blue method fail to demon- 
strate terininations, as we have described, in connection with 


‘ Purkinje’ 8 cells, but there is an “entire absence of the struc- 


tures known as “the pericellular basket-work" and the 
“ fibres grimpantes,” described by Ramon y Cajal. As the 
staining property of methylene blue is purely confined to 
nervous elements, neuroglia and connective tissue being 
unaffected, we would argue that these arrangements are of 
a non-nérvous nature. - ; 

As is well known, by:the use of the chrome-silver ` 
method, the formation of artefacts, namely, the spread of 
deposit, the staining of the lymph case, and the‘ degree of 
impregnation depending upon the texture of the tissue, is of 
frequent occurrence in the cerebellum. We are, therefore, 
inclined to believe with Hill” that the-pericellular baskets 
and ''Kletterfasern" surrounding Purkinje’s cells and pro- 
' cesses are not the end terminations of nerve fibrils.,  - 

Farther, the “ fibras musgosas” (mossy fibres) are shown 
to great advantage by means of this intra-vitam method, 
the thickenings or rosettes, being very clear in outline in 
well-stained preparations. 

In no case, however, have we been able to demonstrate 
endings around the granule cells, as described by Dogiel, nor 
can we support the hypothesis of Cajal, that the dendrites of 
thè granule cells break up over the bodies of their neighbours. 

'(14) Nucleus of the Corpus Trapezoidea (plate i i., fig. 3). S 
, This nucleus, described by Held?* and Kölliker”, occupies 


Wi position in the ventral part of the tegmentum, between 


. the’ superior olivary Body and the roots of the abducens. 


t 
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Kolliker, with the chrome-silver method, described the cells 
of this nucleus as being round or spindle-shaped, and 
possessing axis-cylinders which proceeded from the cell 
body by means of a number of small, thick branches, 
fusing at some distance to form the efferent fibre. At first 
he declared this to be an artefact, but in his later publi- 
cations regards only the thickness of the fibres to be 
due to artificial production. That this appearance was not 
the commencement of axis-cylinder processes, but really the 
end termination of nerve-fibrils, was first pointed out by 
Held. Later, the researches of Cajal? and Meyer™ have 
placed the matter beyond dispute. 

According to Meyer, these afferent fibres, just before 
ending, become gradually thickened, and near the cell break 
up into a variable number of branches, which clasp the cell, 
forming a basket or shut cup. Cajal, however, has come to 
the conclusion that no basket is formed, but the ending is to 
be regarded as an open cup, or, as he terms them, ''lóffel 
formige plaques." 

Our own observations tend to confirm Meyer’s con- 
clusions, namely, that it is the most easily demonstrable 
end termination in the central nervous system; that it 
takes the form of a network enveloping the cell body, and, 
finally, in opposition to Held, that there is no direct con- 
tinuity between the termination and the protoplasm of the 


enshrouded cell. 
‘Conclusion. 


For the following reasons we would urge our belief that 
the above described arrangement is really the termination of 
& nerve fibre : 

(1) That in the majority of cases a cellulipetal fibre may 
be traced to, and found to break up over, the cell body and 
base of the protoplasmic processes. In no case has the 
cellulipetal fibre been found to break up previous to reaching 
the cell body. 

(2) That this lattice-work is most clearly defined over 
that portion of the cell, namely, the root of the axis-cylinder 
process, which is deficient in the so-called Nissl bodies. 

(8) That it is also clearly seen over cells whose general 
staining is faint. l 
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(4) That when the cell is rendered indistinct by changes 
in the focus, the lattice-work is thrown into clearer per- 
spective. 

(5) That, as best seen in the nucleus of the trapezium, 
the ending may be apparent without the cell. 


REMARKS. 


The variety of nerve-termination just described is in 
complete harmony with the neuronic theory of nerve 
elements, at present holding the field in nerve anatomy; 
that is’ to say, the neuron is a unit, discontinuous with 
adjacent neurons, and conveying impressions by contact and 
not continuity of tissue. This termination, demonstrated 
by means of intra-vitam injections of methylene blue, is in 
the form of a fine lattice-work, forming the extremity of the 
axis-cylinder process of one neuron, enshrouding the body of 
the neuron next in order. Although physiologically more or 
less in'harmony, this is really anatomically at variance with 
the descriptions given by Golgi, Cajal, and others, of the 
ultimate termination of nerve-fibrils. These observers have 
worked chiefly with the chrome-silver method, which, being 
a post-mortem impregnation process, obscures structure and 
does not allow the finer details to be investigated. 

With the exception of the pericellular basket-work and 
** Kletterfasern " around Purkinje's cells in the cerebellum, to 
which farther reference will presently be made, the generally 
accepted doctrine is as follows: first, that the “terminal” 
consists of a tuft of nerve-fibrils whose extremities may be 
in some pointed, in others knob-like; secondly, that in the 
meshwork in the grey matter, which is thus formed, these ` 
come into contact with the arborisations of the proto- 
plasmic processes of cells; and thirdly, that nerve impulses 
are transmitted from the terminal tuft along these proto- 
plasmic processes to the cell body, and thence to the axis- 
cylinder. Our conception of the method of transmission of 
impulses from one neuron to another, in view of what we 
have observed, is & modification of that currently held. 
From the fact that the cellulipetal fibre breaks up into a 
network in relation with the cell body, and that the mesh . 
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cannot be traced for more than a short distance over the 
chief trunks of the protoplasmic processes, we assume that 
the impulses are transmitted from the terminal directly to 
the cell body and thence to the axis-cylinder. 

What the function of the protoplasmic processes may 
be is less clear. Golgi traced the protoplasmic processes 
into connection with the blood-vessels and ependyma cells, 
and regarded them as subserving nutrition. Cajal and v. 
Gehuchten believe that they alone are the chief collectors 
of impulses and conduct them to the cell body. 

According to S. Meyer, who has worked with the methy- 
lene blue method, the terminal arrangement is found over 
the whole extent of the protoplasmic processes and cell body. 
He therefore concludes that there exists no real difference 
between the cell body and protoplasmic processes, a view 
which receives support from & study of ganglion cells, after 
staining by the Nissl method, by which it is seen that the 
chromatic granules are found in the protoplasmic processes 
and cell body, but not in the axis-cylinder. 

From our own observations, however, we would incline 
to the old view of Golgi, that their chief function is nutri- 
tional, or, at all events, of a different functional nature to 
the axis-cylinder process. In support of this theory, Bethe 
and others have recently demonstrated by other methods 
that certainly the protoplasmic processes and.perhaps the 
` nucleus and protoplasmic accumulations of the ganglion cell 
' subserve nutrition. 

As already incidentally mentioned, the only structures 
comparable to what we have described, detected by the 
Golgi-Cajal method, are the so-called “basket arrange- 
ments ” round the Purkinje cells in the cerebellar cortex. 
Cells are described, situated in the molecular layer, whose 
axis-cylinder processes and collaterals end in a brush of 
fibrils, which form a basket investing the body of a Pur- 
kinjó cell. As the end filaments approach these cells, each 
‘of them divides into a brush or basket, in which, however, 
each fibre, according to Cajal and v. Gehuchten, retains its 
individuality. From the fact that there is no evidence of 
these structures on intra-vitam staining with methylene 


DH 
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blue, and also that they’ “do: mot form a latiitie- wotlk of 
] continuous fibrils in any way comparable to that which. we , 
., have described i in other parts, we do not regard them as of & 
nervous natüre,- but neuroglial Hill's conclusions as to the’ 
drawbacks to the chrome silver method, namely; spread of. 
deposit, staining of the-lymph case, and the open' nature of ., 
. ihe" tissue, around Purkinje cells, together with the fact 
. that by the use of methylene blue neuroglia elements are 
eliminated, strengthen our belief as to, the neuroglial nature 
of the basket arrangements ang EE 'around 
Purkinje' 8 cells. a ER d 
` , in conclusion, control observations: by means ‘of - post- 
“mortem ínethods have failed to demonstrate this lattice op . 
. “network ‘termination, It would ` seem necessary that, in 
order to obtain any, idea a8 to the ültimate subdivisions  ^' 
~ “of nerve- -fibrils; the tissues should ‘be given the opportunity: 
of E the stain during life. 
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EXPLANATION OF THE PLATES. 


We are indebted to Mr. J. E. Barnard for the photo-micrographs, which 
have been taken fiom our original preparations, 


Prats I. 


Photomici ographs, sllustsating the form of nerve termination described in 
the text. 


Fics. 1 AND 2,—Swift j dry objective, No. 2 ocular, Camera extension, 
7 feet. 760 diameters. A nerve-ending from the cerebral cortex of a guinen 
pig; fig. 1 shows the network 1n focus; fig. 2, the peripheral zone in focus. 
In this termination there is no obvious evidence of a cell. 

Fra. 8,—Swift } dry objective. No. 2 ocular. Camera extension, 7 feet. 
850 diameters. A nerve-ending from the nucleus trapezoides of a rabbit. 
Here the cellulipetal fibre is seen breaking up into & basket arrangement 
and enclosing a cell, 

Drop 4 AND 5.—Same magnification as figs. 1 and 2. <A cell from the 
nucleus of the posterior quadrigeminal body of a rabbit, enclosed in the 
terminal noet-work., These figures show the appearances presented on alter- 
ing the focus, so as to reveal (a) the peripheral sone, (b) the enshrouding 


network. 
Prats II, 


Diagrammatic representations of the termination and cells, 


Fra. 1.—Oell from posterior quadrigaminal body. 
Fia. 2.— Cells from cerebral cortex. 

Pia. 3.—Cell from optic thalamus. 

Fia. 4. —Cell from cerebral cortex. 
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A. CONTRIBUTION To. THE LOCALISATION Ka 
Eat MUSCLES IN DEM SPINAL. CORD.: 


H 


SÉ E EN "enn. CAMPBELL THOMSON, HEEN wäer, 


Sg Physician to Out-Patients to the Hospital. for. Epilepsy and EE 
ru o d Regent's Park ; Pathologist to the Middlesez Hospital 


WÉI mm 
* e 


dul Dunind the past three years: I fisso T numerous’ 


S opportunities of examining cases of injuries, io the spinal 
cord,.some of which have been particularly instructive with 

“ regard to. the felativé localisation’ in the grey matter’ of 

muscles of the upper ‘extremity. ay ZEE 

^ The cases which I. have found. most valuable for Ais 

. pürpose are those in which the chief injury has apparently 


* 


‘béen.due. to. hemorrhage into the grey matter, for in many : . 
yb thése the lesion is. Sharply localised; and by careful ` 


comparison of the muscles, which are affected in different | 
_ cages, some conclusions may be arrived at. regarding | "he. 
` different levels from which the muscles are supplied, and . 
a finer analysis i is thus more possible tham i in, cases where 
ihe injuries are more diffuse. " 
' — An interesting case of this description was wein TA 


s.s the Middlesex Hospital, in 1897, under the rare of Mr. . 


a 


, » Henry, Morris, who kindly allowed me; to make "use of 
thè notes: ia \ 

"The patient. was a man Silo ‘had injured hia spine. by: 
diving into à swimming path and striking, his head against. 
. the bottom. . , ' 

On admission there was iweakness: of all four : Jiztibs, ` 
"eich was Father’ more marked on ‘the right | side than on ' 
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the left, and it was also noted that the right hand seemed 
quite helpless. ^ 

Within a day or two the general weakness of the SE 

almost entirely passed off, but the paralysis of the hand 
remained. 
:. On examination the movements of the wrist joint were 
found to be normal (figs. 1 and 2), but there was complete 
loss of power'in all the muscles attached below this level, 
Ze, the long flexors and ‘extensors of the fingers and 
thumb ; the interossei and the small muscles of the thumb. 
No movement whatever could be made with these muscles, 
and whenever flexion of the fingers was attempted, a very 
strong over-action of the extensors of the wrist took place 
(fig. 2). 

Rapid wasting also occurred in the paralysed muscles. 

“In a short time, however, some improvement began to 
take place, especially with regard to the long flexors of the 
fingers and the small muscles of the thumb, and both these 
groups acted to & moderate faradic current, but the power 
of flexing the first finger remained less than that of the 
other three. 

The long extensors of the fingers and thumb and the 
interossei did not, unfortunately, join in this recovery, but 
gradually wasted and lost. their irritability to the faradic 
current. 

After the patient was able to leave the hospital he 
attended regularly for some weeks to receive electrical 
treatment, but finally, at his own request, this was dis- 
continued. 

At the time he ceased attending, it was evident that 
no ‘further recovery was very likely to take place, and the 
condition was as follows :— 

The long extensors of fingers 

and thumb ... Remained paralysed. 
The interossei 
The long flexors of fingers 

‘and thumb Sos SC .. Partially recovered. 
The small muscles of the 

thumb ... e 2 .. Recovered. 
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With regard to the nature of, the lesion in this case, 
there was rio doubt a slight transverse injury to the cord 
„at the time of the accident, as shown by the temporary. 
paralysis of all four limbs, but the more permanent effects 
were in ‘all probability caused by a localised hsemorrhagé: 
into the grey matter which evidently chiefly affected those 
nuclei which govern the muscles of the hand, and caused no 
disturbance of sensation beyond some slight thermal anms- 
thesia, such as so often accompanies a lesion of this ‘descrip- 
-tion. The interest of the case, with regard to the localisation 
` of muscles, lies in the fact that while the muscles of the , 
, wrist entirely escaped, all those below it were more or less 
affected, and we therefore see that the nuclei which supply 
the long flexors and extensors of the hand are definitely 
separated from, and probably situated at a lower level 

than, those which supply the muscles of the wrist-joint. 

A comparison of this case with another one of a some- 
what similar nature, which, through the kindness-of Mr. 
Andrew Clark, I have recently had an opportunity of 


examining, further shows the relative position which the '' 


nuclei of the long extensors and fléxors occupy in the spinal 
cord. 

The cage was one in which there was wasting ‘of the 
muscles of both hands, accompanied by extensive loss of 
thermal and painful sensations, while those of touch were 
preserved, and therefore, like the first case, the lesion was 
probably one of hemorrhage into the grey matter. But, 
whereas in the first.case the long flexors and extensors 
“of the fingers were affected with the small muscles of the 
.hand, while the muscles of the wrist escaped; in the second 
case the small muscles of the hand were alone affected, and ' 
_ the long extensors and flexors escaped completely. 

The fact that in the one case the flexors and extensors 
of the fingers shared the same fate as the small hand 
muscles, and in another shared the fate of the ‘wrist 
muscles, clearly points to the supposition that their nuclei 
are placed in an intermediate aS between those of 
the other two. . 

The result of the first case also een that there 
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is probably a close relation between the long extensors and 
` the „interossei, since these were the two SCHER which re- 
inained permanently paralysed. 
. Another case of injury to the spinal cord, the notes 
‘of which I have ünfortunstely mislaid, led me to think that 
the motor cells for the extensor: carpi radialis are situated 
at a higher level than those of the extensor carpi ulnaris.. 

. fEhe following diagram illustrates the relative positions of 
the various nuclei as suggested br the cases which I ids 
observed, 


.. Extensors of} Extensor carpi radiahs 
- wrist probebly above the ulnaris, 


-- Long flexors snd 
extensors 
fingers and thimb, 
Probably a near 
relation between the 
long extensors and 
e interossea. ~ 


wan Amal: muscles of ^ ^ 
hand. 





. It is generally assumed that the group of muscles sup- 
plied "by a given root is the same as that supplied by the 

corresponding segment of the spinal cord; but this is not 

necessarily so, and the above cases indicate that, the 

repre&entation of muscles in the cord is much more widely 

distributed than that of the roots, and that the latter are 

made up of fibres converging from their DEES cornua at 
different levels of the cord. . 
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,- With regard to the root distribution, according to most 

clinical records the extensors of the wrist and fingers are 
supplied from the seventh cervical root, the flexors of the 
Wrist and fingers from the eighth, and the interossei and 
other small muscles of the hand from the first dorsal, 
whereas the cases above quoted show that in lesions of the 
‘anterior cornua the flexors and extensors of the fingers may ' 
be affected independently of the muscles of the wrist, and 
also independently of the small muscles of the hand. 
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HYPNOTISM: A REPLY TO RECENT CRITICISMS. 


BY J. MILNE BRAMWELL, M.B. 


Ar the present day, although the reality of hypnotic phenomena 
is generall Keser? wide differences of opinion exist as to the 
nature of hypnotism, and its value and safety as a therapeutic 
agent. Thus, in “ Hypnotism in Court " and ‘ Hypnotism,” two 
. articles which appeared in the July and October numbers of the 
Journal of M. Science for 1898, the views expressed are not 
held by the majority of those who practise hypnotism. As the 
articles retarted to, both apparently from the same pen, are 
die I wil, for convenience’ sake, call the writer X. 
irs, I wish to draw attention to a personal point; X, in 
referring to my address to the Psychological Section of the 
British Medical Association, says: “The bold attempt of Dr: 
Milne Bramwell. to prove there are no drawbacks to the thera- 
p use of hypnotism is, however, a challenge which should 
e promptly met.” Now I have never, either in writing or 
speaking, asserted that there were no drawbacks to the thera- 
peutic use of hypnotism, but, on the contrary, have constantly 
pointed out that many existed. For example, in this country 
hypnotism is rarely resorted to until other remedial measures 
have failed, and this greatly decreases its chance of success. 
Further, I have never denied that hypnotism, through ignorance 
or malice on the part of the operator, might be so misused as to 
do harm; this risk, however, is not only. grossly, Pradgened, 
but falls far short of that associated with ordinary medical 
practice. i i 
What I really said was totally different, namely, that, as far 
as my experience went, the employment of hypnotism by medical 
men acquainted with the subject was devoid of danger. In 
support of this I cited Forel’s assertion that he, as well as 
Liébeault, Bernheim, Wetterstrand, van Eden, de Jong, Moll, 
and the other followers of the Nancy school, had' never seen a 
single instance in which mental or physical harm had been 
caused by hypnosis. No complete record of their cases has been 
ublished, Ze the number certainly exceeds fifty thousand. 
n October 15, 1898, Forel informed. me that he still held this 
.opinion, and had never observed even the slightest inconvenience 
from hypnotic practice. Further, I have watched the work of 
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nearly all of thosé cited by Forel and have seen nothing opposed 
to his statement. 

I could add many names to Forel’s list, but will content 
myself by quoting one or two in this country, choosing them for 
their conneotion with asylum practice. 

In 1890, Dr. Percy Smith and the late Dr. A. T. Myers 
published an account of the hypnotic treatment of twenty-one 
insane patients in Bethlem Hospital, I am authorised by the 
former to state that no harm was done. 

Dr. Woods, of Hoxton House Asylum, has hypnotised over & 
thousand persons, many of whom were insane. He recently 
informed me “that he had never in his own practice seen any 
evil effecta, either mental or physical, caused by the use of 
hypnotism.” 

I have also Dr. Outterson Wood's permission to state that, 
while he acted as Honorary Secre to the British Medical 
Association Committee for the Investigation of Hypnotism, he : 

onion several hundred experiments and arrived at the 

ollowing conclusions with regard to hypnotism:—(1) Its phe- 
nomena were enuine ; (2) It was of distinct therapeutic value ; 
(3) Its use in skilled hands was absolutely devoid of danger. 

My position might be attacked in two ways: (1) By attempting 
to prove mal-observation; (2) The facts being granted, by showing 
that they did not warrant the conclusions drawn from them. 
These, the only two points at issue, X entirely ignores. He 


‘Bays: ‘ Very many observers have seen cases in which hypnotism 


has been followed by very definite and distinctly evil results. 

Many instances of this kind have been recorded, and good service 
would be done by their collection and tabulation, as a check to 
future assertions of this kind." Granting that this be true, what, 
connection has it with the point in dispute? If a group of 
surgeons performed a certain operation fifty thousand times 
without a death, would they not be justified in inferring that in 
their hands, at all events, it was devoid of danger? Would their 


“position be weakened by the “ collection and tabulation” of the 
failures of others ? 


There remain for discussion the hypnotic dangers referred to 
by X, namely (1) evil results recorded by other observers, and (2) 
those occurring in his own practice. - 


(1) HARM REPORTED BY OTHERS. 


As regards this group, X does not cite a single authority 
or case; surely the ‘collection and tabulation” to which he 
refers should have been done beforehand, and the results presented 
in such & way ng to enable one to judge of their value as evidence. 

T have investigated every case brought to my notice where 
hypnotism was stated to have done harm, and in none has the 
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charge been proven. The two following may serve ag a com- 
mencement of the collection X is desirous of making :—- 

(A) A patient, suffering from torticollis, who had been under 
my care for a few weeks, shortly afterwards underwent a surgical 
operation; an important blood-vessel was accidentally cut and 
about ten days later she died from secondary hemorrhage. I 
was informed that the surgeon asserted the hemorrhage and death 
were due to the fact that the patient’s constitution had been 
weakened by hypnotism. If this were true, the relatives felt that 
they had contributed to the death by permitting the patient to try 
hypnotic treatment, and I was asked whether I could in any way 
reassure them. This I had little difficulty in doing. I informed 
them (2) that hypnotism did not weaken the constitution ; 
under its influence Esdaile had reduced the mortality in the 
removal of the tumours of elephantiasis from 50 to 5 per cent., 
' and my own operative cases had all done well; (b) even granting 

that hypnotism could weaken the constitution, it was unreasonable 
to suppose that it had spread from the patient to the surgeon 
and thereby caused him to accidentally cut & blood-vessel ; v 
I mentioned the not unimportant fact that I had absolutely faile 
to hypnotise the patient. i 

(B) In April, 1897, a medical acquaintance told me I must 

alter my, views as to the dangers of hypnotism, because, by its 
. means, M., a Swiss medical man, had seduced eleven young 
fémale patients and had been condemned. to five years’ imprison- 
ment. One of the victims, I was told, had committed suicide, 
and before doing so, had-left & written statement of the fact that 
she had been seduced through hypnotism. Further, I was in- 
formed that these statements were confirmed by ample official 
evidence. This I asked to see, and received what was described 
as “the official testimony from Dr. Calonder, of the ‘ Advokatur-, 
bureau, in Ohur, where the case was tried, stating that 
hypuotism had been abuséd in this shocking betrayal.” My 
colleague continued, '" I could also send you the four German 
newspapers sent me; but as they contain no details which I : 
have not given you, you probably would not care to have them.” 

The following is a translation of the document in question :— 

'*In reply to your favour of the 26th inst., I hasten to inform 
you that, at the trial of Dr. M., no support was found for the 
assertion that he had employed hypnotism in the treatment of his 
patients.—(Signed) Dr. Calonder.” 

I asked for the German newspapers, and found that in the 
account of the trial hypnotism was not even mentioned. I then 
laid the matter before Professor Forel, of Zurich, who replied as 
follows: ‘Dr. M. has never hypnotised a patient. The question 
was not raised at the trial, aid no one suggested that he had 
employed hypnotism. The entire history is'&n English inven- 
tion. In Zurich no one has spoken or written of hypnotism in 
connection with Dr. M. He is a, throat specialist—an ordi 
erotic pig, and has long been known as such, I have written to 
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the Judge of the Supreme Court, who tried Dr. M., and he has 
sent me a written statement which confirms mine; this I now. 
enclose, so that you may have a trustworthy document." Prof. 
Forel’s letter and fhat of the Judge are still in my possession. 


, They describe Dr. M.'s methods of seduction, but, as these have 


nothing to do with hypnotism, and are not particularly fit for 
publication, I refrain from quoting them. 


(2) X'g.Casns. 


X says, in his special department, presumably asylum prao- 
tice, the evila consequent on hypnotic influence are grave, and 
that the few cases in which it seemed desirable to induce hypno- 
sis, were, in the end, apparently deteriorated in mental condition, 
and that the conservation of mental power, so urgently indicated 
was, in fact, endangered. From this he concludes that hypnosis 
involves a weakening of the power of self-control, and "ri indeed, 
a shunting on one of those side tracks of disordered mental ' 
function of which insanity is the terminus.” Here I may point 
out (1) that no figures are given, and the word “few” 18 an 
indefinite one; (2) the disease from, which the patients suffered 
is not si&ted, nor the absolutely essential information given 
whether it was one likely to end in mental deterioration apart 
from the treatment; (3) X does not assért that mental deteriora- 
tion resulted from hypnosis, but only that it apparently did so; 
(4) although X practically states that hypnosis leads to insanity, 
he does not tell us that insanity was actually produced. 

It is to be regretted that X gives no detailed account of his 
cases, ag thus, the dangers to which he refers are based more 
upon assertion than upon evidence which might be examined 
and judged. Granting, however, thai mental deterioration actu- 
ally resulted from X's hypnotic practice, one cannot help feeling 
that his personal and limited experiments do not warrant the 
conclusions he draws from them. Fortunately, it is not a recog- 
nised principle in medicine that those who fail have the right to 
cry “ Halt |” to the successful. 

According to X, hypnotism is related to hysteria, stupor, 
latah, Ze, ! 

(L.) Hysteria.—-The supposed connection between hypnotism 
and hysteria, disputed by Eisdaile and Braid more than fifty years 
ago, was restated by the 'Salpétridre school, and successfully dis- 
proved by that of Nancy.  X's attempt to revive an ancient 
fallacy is not likely to be successful, especially as he does not 


. support it by a single observed fact. 


At the International Congress of Experimental Psychology, 


London, 1892, it was. generally recognised that susceptibility to 


hypnosis did not indicate hysteria or any other morbid condition 
in the subject. Hypnotism was found to increase the patient’s 
volition; thus the cure was due to the intensification of an entirely 
normal moral process, and was not really dependent upon assist- 
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_ance from without. It is true, as Myers has pointed out, that a 
ee resemblance exists between the phenomena of hysteria 
and those of hypnotism. In hysteria certain nervous, vasomotor 
and circulatory changes arise, apparently as the result of irrational 
and unconscious self-suggestion in regions beyond the power of 
the waking will. The hypnotic self also can pay Reet the nervous, 
vasomotor and circulatory systems to an extent un eled in 
waking life. Here, however, the phenomena sre under the sub- 
ject’s own control, and he can be taught to evoke and terminate 
‘them at will. 

According to X, self-control is weakened in hypnosis. This 
view is an old mesmeric fallacy which was successfully exploded 
by Braid fifty years ago. My patients, no matter how ‘deeply 
hypnotised, can always choose between suggestions and reject 
what is distasteful. The supposed loss of sol control is agsumed 
by the operator from the observation of laboratory crimes. 
Questioning in hypnosis, however, reveals the fact that there has 
“been neither loss of consciousness nor of volition. This view I 
have put before the profession from time to time, and most of the 
experiments on which it is founded have been carefully checked 
by others. Some of these, carried out in conjunction with Dr. 
Hyslop, of Bethlem, are recorded in his work entitled “ Mental 
Physiology.” 

X asserts that therapeusis ‘admits the principle that lower 
tissue may be sacrificed to save & higher, but that it is distinctly 
bad practice to harm the higher organ to release the lower, as 
hypnotism does. This concerns ordinary rather than hypnotic 
practice. Most of the diseases which are treated hypnotically 
are central in their origin, as, for example, dipsomania, hysteria, 
obgessions, &c. In such cases it is the relief or cure of the ‘higher 
organ which is at stake, and no sacrifice of any kind, either 
higher or lower, is involved. Lost or weakened self-control is 
at the root of the diseases just referred to, and, when hypnotism 
cures them, it does so by developing the patient's own volition. 

If, however, we judge ordinary practice by X’s standards, the 
administration of narcotics and anesthetics must be condemned, 
and their employment for the relief of pain considered bad prac- 
tice.  X's opinion, I think, is not now generally held by the 
Poen, although, in 1842, Dr. Copland asserted, at the Royal 

edical and Chirurgical Society, that “ pain was a wise provision 
of nature, and patients ought to suffer pain while their surgeons 

Nes operating; they were all the better for it, and recovered 

etter.” í 

(LL) Stupor.—Stupor has been divided into two forms— 
(1) Anergic and (2) Delusional. 

1) Anergic.—In typical cages there is blueness and swelling 
of the hands and feet, slow and feeble circulation, vacant expres- 
sion, retention (in some cases incontinence) of urine and fæces, 
complete absence of mental function in the region of will, percep- 
tion, memory, and often even of consciousness. i . 
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(2) Delusional.—This form is the outcome of profound melan- 
cholia, in which the niental activity is terminated by a melan- 
cholic delusion. ` 

Stupor is supposed to be due to pathological changes in the 
brain and its blood-vessels ; it is generally associated with grave 
disease and frequently has & nid t RAN (* VE of 
Psychological Medicine," Hack Tuk 

Again X contents himself with Beet, assertion, and omits 
to adduce a single fact in support of the supposed conneotion 
between stupor and SECH Hypnotised persons do not turn 
blue, nor do their hands and feet swell; they do not lose control: 
over the bladder or bowels. Their volition is unimpaired, their 
perception and memory are often abnormally acute and conscious- 
ness iB rarely, if ever, lost. Hypnosis is not associated with 
profound melancholia, nor'does it end in a cessation of mental 
activity. On the contrary, the hypnotised person may be able 
to solve: mental problems of great difficulty which are beyond 
the m his normal powers. Again stu Ee unlike hypnosis, 
cannot originated, guided or terminated at will. Further, 
hypnosis does nob arise from pathological changes in the brain 
and its blood vessels, nor has it a fatal termination. 

(IIL) Latah.—X talks of latah as if it were & disease, but, 
as Moll has pointed out, the word latah designates the sufferers 
from the complaint, not the disease itself. iA according to 
Gilles de la Tourette, is a “ tic "^ characterised by certain abnor- 
malities of movement, particularly the imitation of gestures, 
and by certain anomalies of s eech, such as the use of bad 
language, and the repetition of the last words uttered in the 
' patient's presence. Bamberger states that violent contractions 
of the flexors and extensors of the muscles of the leg take 
place: when the patient attempts to stand, and thus a jumping 
movement is produced. 

According to Clifford and Talcott Williams, the condition is 
latent in the Malay race and'can be induced by startling them 
and making them jump. They will thon imitate actions which 
are painful, dangerous, or obscene. The Malays are a race 
particular to a fault about all matters of personal modesty, but & 
latah Malay woman wil strip naked in a publie place at the 
casual invitation of a passing stranger. , 

In attempting to establish an analogy between hypnotism and: 
latah, X, as usual, states an old fallacy without adducing a 
d single factin Se of it. His theory is apparently a De 
of that of Dr. Gillmore Ellis (The Journal of Mental Science, 
January, 1897, p. 82). Neither writer seems to be aware of the’ 
fact that similar views were expressed at an earlier date by 
several Continental observers, and their unsoundness demon- 
strated by Moll and others. The fallacy appears to have arisen 
from untrained and superficial observation. Thus, it has been 
noticed that both the latah Malay and the hypnotised person 
imitate gestures; the conditions, therefore, are assumed to be 
similar. 
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The circumstances, however, under which they do so are 
. widely different. The moment a “latah” is startled he will at 
. once imitate af gesture made before him by anyone. He will 
, also mimic the swaying motion of wind-shaken boughs as readily 
as the actions of a human being (Clifford). No yerbal suggestion 
. ig necessary. On the other hand, hypnotised subjects never copy 
movements made before them unless they have been trained to 
~do 80, and then only. those of the hypnotiser. Again, hypnotised 
persons, even despite energetic suggestion, will not imitate 
actions which involve real danger, actual indelicacy, or 
obscenity, nor do they make use of bad language. Further, the 
- hypnotic subject, unlike the latah, does not hop about lke a 
, Kangaroo the moment you startle him. Moreover, hypnosis can 
be terminated at will, but the disease from which the latah suffers 
is uncontrollable and frequently incurable. 

Other writers besides X have attempted to establish & con- 
nection between hypnosis and many and widely differing diseased 
conditions. In every instance the fallacy has been due to the 
imperfect observation of some isolated: hypnotic phenomenon. 
Benedikt’s theory is fairly characteristic of this class. In his 
, View of hypnosis, its numerous, varied and complex mental and 
physical conditions are ignored, and it is simply classified as an 
artificially induced catalepsy, because in hypnosis the ‘muscles 
can be rendered rigid by suggestion. - 3 , 

Such theories have the merit of simplicity, and possess the 
additional advantage that they can be made without careful 
observation-or prolonged study. What should we think, however, 
of the observer who described normal human life ap simply an 
artificially induced sneeze, because the act of sneezing could be 
readily invoked by the presentation of a pinch of snuff | 

Moll draws attention to the fact that hypnosis has been com- 
‘pared to the most dissimilar forms.of mental disease. Those who 
do so, he says, forget amongst other important things that 
susceptibility to suggestion is the chief phenomenon of hypnosis, 
and that this is far from being an essential characteristic of 

. mental disorder. We can produce paralysis, stammering, or pain 
by suggestion, but hypnosis itself is none of these things. Moll 
points out that 15 is illogical to call hypnosis a disease because 
morbid imitations of it are fouhd. Ge itself 18 not a 
disease, although attacks of it occur, which are morbid in 
character. Thus, we are no more justified in inferring that the 
hypnotised subject suffers from hysteria because he can imitate 
its symptoms than in concluding that an actor is mad when he 
portrays insanity. Further, hypnosis is entirely under the control 
‘of the operator, or of the subject himself, but there is no disease 
which can be originated, guided and terminated at a moment’s 
notice. - : 

Faith-healing.—X asserts that ‘therapeutically hypnotism 
is related to various. forms of faith-healing, the limitations of 

_ ^ which are fairly well-known and recognised.” X does not define 
'faith-healing, and it may be useful to supply his omission. 
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According to the Biblé, the power of healing is one of the 
attributes of the Deity which is at the -service of those who 
solicit it, and believe their prayer will be'granted. Here two 
factors are involved, the power to-cure possessed by the operator 
and faith on the part of the patient. The former may be 
eliminated from present day faith-healing, which is essentially 
characterised by a belief in what does not exist, de, the cura- 
tive power of the operator. X’s theory, that hypnotic pheno- 
mena are due to emotional states associated with faith, was held 
by Braid in the earlier of his career, and is still regarded 
as ‘correct by certain later obseryers. Recent investigations, 
however, have done much to discredit this view, and & short 
account of its origin, together with the, changes which have 
since taken place im hypnotic theory may not be without 
interest. ` : ` ; a 
In Braid'é day, so-called mesmeric phenomena were supposed 
to be due to external agencies, Gë. & mysterious force existing in 
the operator, and in various metals, magnets, &c. Braid showed 
how identical phenomena could be induced in the absence of 
the supposed exciting causes, if the patients were led to believe: 
that these were present. For example, the cures, attributed by 
Dr. Perkins to the action of his “metallic tractors” were 
equally successfully obtained by Dr. Haygarth’s pieces of wood. 
Braid concluded that in all these things faith, expectation and 
concentrated attention were thé only curative, agents. 
Further, he thought, the action of medicines might partly be 
' explained in: the same way, and that the mental element 
associated with their administration had been far too much 
ignored. All medicines had a two-fold action; one due bo their 
physical properties, the other to the patient’s expectation of a 
definite result. This mental impression accounted for the vary- 
ing estimates as to the value of certain drugs.: Thus, at’ one 
time a universal favourite was supposed to cure everything, then 
was regarded as valueless, only later to regain its former posi- 
tion. The drug itself did not change, only the belief or con- 
fidence of those who prescribed, and those who took, it. 

Elliotson also pointed out that, owing to the mistaken way in 
which medicines were frequently administered, their curative 
effects, if any, must be due to the faith of the patient. ‘Some 
physicians, he said, had actually fixed doses for each medicine, 
one, for example, never gave more than two grains of iodide of 
potash, even if it produced no éffect. Others changed their’ pre-. 
ah hore every few days and the Jesus thought they had 
tried everything, whereas they had in reality tried nothing. 
Thus, the drugs had not the slightest chance of benefiting 
the patient, as they were neither given in sufficient, doses nor 
continued long enough. PCR 

Braid’s work being practically forgotten, certain members of 
the Salpêtrière school revived many of the old errors; of the 
mesmerists, and magnets, metals and medicines in sealed tubes, 
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were. once more supposed to be' endowed with marvellous 
proporties, These fallacies were for the second time exposed 

y the members of the Nancy School. They, like Braid in 
his earlier days, attributed the phenomena to emotional conditions 
excited in the brain of the patient, Everything was due to 
what they termed “suggestion.” The phrase soon became a 
fashionable one, and was considered to explain not only the 
curative powers of hypnotism, but-also many therapeutic results 
which were usually attributed to the action of drugs. 

Thus, Hack. Tuke, in speaking of Sir Andrew Olarke, said: 
' * His favourite drugs were bi-carbonate of potash and a vegetable 
bitter, but neither drugs nor diet formed the central factor of his 
treatment, or explained its success. ‘Suggestion’ lay at the 
root of it‘all. The term, however, is too mild unless understood 
in the technical sense in which it has been employed in recent 
times. In short, Sir Andrew out-Bernheimed Bernheim; he 
was, in & word, the most successful hypnotist of his day.” 
According to Bir Samuel Wilks: “To sit down in one's chair 
daily and write on & piece of paper the name of some drug for 
every ailment without exception, which comes under our observa- 
tion is, in the present state of medicine, an absurdity, and is 
simply a pandering to human weakness. I do not say that drugs 
are not useful in a moral sense, I am merely contending that the 
method is not scientific, as we usually apply this term. I know 
of no more successful practitioner than the late Sir William Gull, 
and his treatment was rational, but he did not credit any parti- 
cular drug with the properties ascribed to it by the patient. 
His prescriptions very often consisted of nothing but coloured 
"water." Sir Samuel describes a ''sixpenny doctor" at a cheap 
dispensary, who saw on an average seventy patients each even- 
ing, and whose almost universal .medicine was a mixture 
.composed of sulphate of magnesia, burnt sugar, and infusion 
of quassia. The following were his directions for successful 
practice: ‘Always give medicines which produce appreciable 
effects ; ‘then, also, the mixture must taste like medicine, and if 
it have a bad smell the patient will be better satisfied.” 
Bir Bamuel states that ‘ changes in the pathological views of 
disease have caused the whole method of its treatment to be 
‘altered again and again, and that farther chemical knowledge 
frequently shows that the drugs we employ do not possess the 
qualities that we have been in the habit of attributing to them.” 
Putting aside for the moment the question of the connection 
between hypnotism and faith-healing, we find Hack Tuke and Bir 

Samuel Wilks practically reproducing the views of Braid and 
Elliotson to the effect that in many instances drugs owe their 
supposed therapeutic value to the faith of the patient. In typical 
cases the supposed curative agent is stated to be either rion- 
existent or inert, as, for example, in the ** coloured water” of Bir 
William Gull and the magnets of Benedikt. The latter still holds 
that magnets possess extraordinary therapeutic powers, despite 
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the fact that scientific investigation has shown them to be devoid 
of the properties he attributes to them, and that they would be 
equally powerful if composed of pieces of wood. , His method of 
treatment is, in fact, a reproduction of Perkins’ tractors already 
referred to. ` i ` 
I do not believe that the greater part of medical treatment 
merits Bir Samuel Wilke’ description, but certainly some of it 
does. It is thus identical with present day faith-healing, as the, 
curative effects are due to the patient's belief in what does not 
exist. Such methods of tredtment have their practical drawbacks; 
as advancing knowledge is ever likely to rob them of their power. 
Harness’ electropathic belts undoubtedly sometimes caused the 
disappearance of functional nervous disturbances; but, to my 
personal knowledge, these in some cases immediately reappeared 
after the Harness’ exposure. Would Benedikt's magnets be still 
efficacious if all his patients knew they were really powerless ? 
Would Sir William Gull have continued to be equally successful 
had Sir Samuel Wilke’ deseription of his method of treatment 
been universally accepted? Would it not be better either to 
substitute “ suggestion ” alone for “ coloured water ” and magnets, 


; 


. or to employ in of them remedial agents of undoubted value? 


, In order to bring hypnotism under the head of faith-healing, 
one must be able to show that the patient believes in the operator’s 
power of healing, and that nothing beyond faith is involved. Since 
the days of Braid, both physician and patient have learnt that the 
curative power is due to changes in the patient’s own nervous 
erem, and is independent of any mysterious power possessed by 
the operator. Faith is not necessary for the induction of hypnosis. ` 
Some who believe they can be easily hypnotised prove refractory, 
while others who are intensely sceptical are influenced at the first 
attempt. Further, in self-hypnosis, the influence of the,operator 
is entirely eliminated, and if cure be due to faith, it 18 to the 
patient's faith in himself. Again, hypnosis is not an imaginary 
condition; even X not only admits its existence, but also warns 
us.of its dangers. ` 

Later, Braid recognised the complex and varied nature of 
hypnotic phenomena, and that these could not be explained by 
faith, suggestion, or concentrated attention alone. Many later 
observers have arnved at identical conclusions. It is now. recog- 
nised that in hypnosis the attention may be directed to many 
points at once, and that suggestion is simply the artifice by means 
of which the phenomena are evoked. Wide differences exist 
between the results of suggestion in emotional states and sugges- 
tion in hypnosis. Thus :— 


(8) Suggestion in Hypnosis. 

(1) Once hypnosis has been induced, a wide range of phenomena, 
both mental and physical, can be evoked at any time, and—with 
the consent of the subject—by anyone. A considerable number 
of phenomena can be simultaneously evoked in the same subject. 
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(2) One phenomenon can be immediately changed into its 
opposite, e.g., muscular rigidity into paralysis, anmsthesia into 
hyperesthesia, Ze, 

8) Hypnotic phenomena oan be terminated at will. 

" The date of the appearance of a given phenomenon can be 
delayed, t.e., it can be suggested during ae that the 
phenomenon shall not appear till twelve months afterwards. 

(5) The suggestion will invariably be responded to, subject to 
the two important limitations that ıt contains nothing in opposi- 
tion to the patient’s moral sense, and that it is not beyénd. the 
range of his hypnotic powers.: 

(6) Under the conditions just mentioned, the exact nature of 
the response can be predicted, 4.e.; similar stimuli produce identi- 
cal results. 

ae Patients, who readily respond to suggestions when hypno- 
ti are frequently the very subjects who have for years resisted 
suggestion in the normal condition, even when this has been 
associated with emotional states. For example, a patient who 
had long suffered from dipsomania received many and varied . 
suggestions.in the normal state. . All these, however, produced 
no result; yet, after a few weeks’ hypnotic treatment, the patient 
abandoned the alcoholic habit, and, although over ten years have 
passed since then, has not relapsed. 

(8) Hypnotic suggestion tends to gain strength by repetition. 


* (B) Suggestion by Means of Faith and other Emotional States. 


(1) The resultant phenomena are usually isolated ones, or, at 
all events, much more limited in number than those which can 
be simultaneously evoked in hypnotised subjects. Further, they 
cannot be produced by anyone. Thus, the Lam who has been 
influenced by the touch of a king would probably be unresponsive 

to that of a peasant. 

(2) One phenomenon cannot be immediately changed into its 
opposite, without an alteration in the emotional state which had 
produced it. 

8) Emotional phenomena cannot be terminated at will. 

M RS date a Ce appearance of the phenomena can' rarely 

yed and fix 

(5) The SE are evoked with less certainty than in 
hypnosis; an emotional state which will produce a physical effect 
in one subject will produce nothing in another. 

(6) Identical emotional states do not always produce similar 
physical phenomena. On the contrary, opposite conditions are 
frequently evoked in different subjects by identical emotions, e.g., . 
fear will paralyse one, and excite violent muscular contractions in 
another. 

(7) Patients who are unaffected’ by curative suggestions in 
‘the normal state réadily respond to them when hypnotised. ` 
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(8) An emotional suggestion frequently loses strength by 
. repetition, Ze & subject may readily come to disregard former 


ears. 
' While Ze ‘fallacies were long ago exploded by the Nancy 

>- school, its views, in their turn, are now being attacked. Con- 

centration of attention and suggestion are no longer generally. 
regarded as i poe ce of the hypnotie state. Personally, I am 

acquainted with no theory which satisfactorily explains hypnotism 

as a whole. The subliminal cónscioüsness theory o Myers 

certainly marks an important advance, and gives one a clearer 

conception of the mental and physical states involved in hypnotic 

phenomena. It doés not satisfactorily explain, however, whence 

the hypnotic subject derives his powers, nor how suggestion evokes 

- them.  X's treatment of Myers’ theory is scartely a scientific 

one. In reference to hypnotism, X says: “ Hypotheses as to its 

nature may be useful, but should be carefully based on known 

facts, and not complicated by dialectical subtleties, such as the 

-“gubliminal consciousness.’ ™ Here, it is to be noted, that while 

X does not adduce a single fact in support of his widely varying 

hypotheses as to the nature of hypnotism, he is ignorant of, or 

ignores, those on which the subliminal consciousness theory is ' 
based. The theory is not Myers’ alone, though his is probably 

‘the clearest statement of it. Many writers in different countries 

have recorded observations on which it is founded. X’s assertion 

would have carried more weight if he had, at the same time, given 

us the result of his examination of the experiments of Azam, 
Delbosuf, Pierre Janet, Max Dessoir, Willium James and others. 

It is to be noted that William James states that the principle 

upon which the’ subliminal consciousness theory depends is/now' 
largely admitted by science. 

According to X, the assertion that it (hypnotism) unlocks or 
redevelops:&ome latent organio endowment is beyond possible 
proof, and is opposed to all evidence of organic evolution. That 
the hypnotised person possesses pe over his organism, which 
are not shared by the ordi individual, instead of being beyond 
peas proof, is now one of the commonplace f&ots of science. 

he ordinary individual cannot induce anesthesia at will nor ' 
can he select painful sensations from amongst a group of others 
and prevent these alone from reaching consciousness. To the 
deeply-hypnotised subject, however, this feat is an easy one, as I 
have frequently demonstrated to members of our profession. 
says: ' We recall a visit to the Zurich Asylum, where 
Professor Forel has ldng studied the phenomena of hypnotism, 
and where many of his ‘subjects’ could be seen amongst the 
members of the staff. Only one patient, an habitual drunkard, 
was then sensitive to the hypnotic influence exerted by Professor 
Forel.” As X in the next sentence states that he personally 
` had only employed hypnotism in a few cases and with unfortunate 
results, those unacquainted with Forel's work would naturally 
conclude that Forel too, like X, had found hypnotism of little 
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therapeutic value, and so abandoned it. This imputation is 
keenly resented by Forel. . The following are extracts from two 
letters which he wrote to me from Ohigny, in October and 
- December, 1898. He said: “I have left Zurich as I found the 
work too much for me, but it is altogether false that I have given 
up hypnotism. On the contrary, T treat patients here by this 
method, and continue to get very good results. The Journal 
of Mental Science has stated a thing which is false. I have 
hypnotised over a thousand persons and have influenced about 95 
per cent. The therapeutic results are excellent. The allusion 
in the Journal of Mental Science is a bad joke, and reminds me of 
the Englishman who in passing through France saw an ugly girl 
with red hair ap a station and concluded that all French girls 
were ugly and had red hair. I have no recollection of the visit 
ref to, but if I' then hypnotised an alcoholic that, does not 
prove that I did not hypnotise 999 other persons. In any case, 
it is false to pretend that amongst the numerous patients I have 
Ee one alone was susceptible; probably this gentleman 
understands nothing about the subject.” 

. Forel is the author of vm Der Hypnotismus, seine psycho- 
physiologische, medicinische, strafrechtliche Bedeutung, und 
seine dhabung," which has ' already reached its third 
edition. Until recently he was the editor of the Zetischrift für 
Hypnotismus and has contributed many articles on hypnotism to 
that and other medical journals. It was, in fact, owing to his 
researches that the great hypnotic movement spread from France 
to Germany. , 

X. states that many of Forel's “subjects” could be seen 
among the members of the staff, but does not mention that they 
were hypnotised for physiological and psychological experiment. 
Forel found, for example, that he could produce redness of the 
skin and urticaria by suggestion, and also action of the bowels. 
He records several instances in which he succeeded in causing 
the appearance or disappearance of the menses during hypnosis, 
and others in which the same results were brought about by post- 
hypnotic suggestion. ee 

In the Zeiisohnift "dad Hypnotismus, for 1898, Dr. Inhelder, 
formerly Assistant Physician to Professor Forel, records the: 


`. experiments made with hypnotised warders, both male and 


female, for ten years (1887-1897), in the night watching of ' 
dangerous lunatics. Hypnotised warders were trained to sleep 
by the bedside of dangerous patients and to awake the instant 
the patients oes ste to get out of bed. Sounds which had 
no import with reterence to the warder's duties were inhibited 
by suggestion. Warders in this way sometimes performed night 
` duty for six months, and worked hard all day without showing 
signs of fatigue. Dr. Inhelder gives a detailed account of these 
cases and states that the results were uniformly successful. No 
accident of any kind occurred. 

-,In reference to these experiments, Forel claims that they 
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were entirely without risk, and were conducted’ in such a 
rigorously scientific manner as to exclude all possible sources 
of error. ; 

When I visited Forel in 1892, he successfully repeated 
several of these experiments, and also showed me a number 
of patients who were undergoing hypnotic treatment., 
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In 1891, Forel published the following list of diseases, which, 
in his experience, responded best to hypnotic treatment: AU 
forms of hysteria, including hystero-epilepsy, neurasthenia, 
nocturnal terrors of children, chorea, enuresis‘ nocturnalis, 
stammering, insomnia, headache, neuralgia, sea-sickness, vomit- 
ing of pregnancy, psychical impotence, perverse sexual disturb- 
ances and bad habits of all kinds, aleoholism and morphinism, 
chlorosis, menstrual disorders, constipation, loss of appetite, 
nervous dyspepsia, chronic muscular and articular rheumatism. 

This list, he said, was by no means complete, but would be 
sufficient for any fresh worker in the field of hypnotism to ` 
begin with. ‘ 

Hysteria.—According to many authorities, hypnotic treatment 
gives the best results in— , 

(1) The convulsive attacks of grande hystérie; and in ‘the 
symptoms which sometimes persist after these attacks‘ (paralysis, 
contractures, spasms, anesthesia, amoroses, &o.). 

. (8) Monosymptomatic hysteria (monoplegia, hysterical mutism, 
-aphonia, hiecough, cough, blepharospasm, diseromatopsy, &e.). < 

(8) The various manifestations of ordinary hysteria (insomnia, 
dyspepsia, visceral and menstrual troubles, neuralgia, 

4) Mental troubles of a hysterical nature (perversion of 
sentiment, obsessions, irresistible impulses, hallucinations, melan- 
cholia, maniacal excitement, &c.). 

Bérillon states that for three years he watched the hypnotic 
treatment of grande hystérie by the late Dr. Dumontpallier at 
the Pitié Hospital, In the majority of cases, not only did the 
convulsive attacks disappear, but the other symptoms also. 
Some of these patients are now in excellent health, married and 
mothers of families, while others occupy important posts. 

Dipsomania.—Florel claims to have obtained excellent and 
durable results in this disease, and theré are few, if any, of those 
engaged in hypnotic work who are unable to report similar 
successes. Ladame draws special attention to three cases 
treated by Florel. All had had attacks of delirium tremens and 
were inmates of his asylum. They were extremely difficult to 
manage and expréssed a determination to resume drinking as 
soon as they were liberated, but, despite this, complete recovery 
followed hypnotic treatment. 
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Vicious and degenerate chidren.—Bérillon and others assert 
that many carefully observed facts prove the therapeutic value of 
suggestion in the following diseases of children: Incontinence 
of urine and fæces, nervous “tios,” nocturnal terrors, chorea, 
onanism, blepharospasm, Ee. 

Obsesstons .— y pnotio treatment has yielded brilliant results 
‘in various forms of obsession, and the following, amongst others, 
cite successful cases: Liébeault, Schrenck-N otzing, ‘Hecker, 
Wetterstrand, de Jong, van Been, van Renterghen; Bernheim, 
Gorodichze, Voisin, Burot, Mavrokakis, Bourdon. 

Neurasthenta.—Schrenck-Notzing records 228 cases treated by 

: Brügelman, Bérillon, Bourdon, Voisin, Burckhardt, Forel, Ringier, 
Hecker, Ritzmann, Bourru and Burot, Stadelman, von Corval, 
;Bernheim,'van Renterghen, Wetterstrand, himself, and others. 
Of these; 31 per cant. were reported cured. 

Menstrual disorders—Successful cases of amenorrhma, dys- 
menorrhesa, and menorrhagia are cited by Forel, Tyko Brúnn- 
berg, Delius, Wetterstrand, Voisin, Bérillon, Gascard, Journée, 
Maradon de Monthyel, Burot, Décle, &. Many of the cases 
were of long standing, and had resisted other methods of treat- 
ment, while their recovery is confirmed by later reports. 

Insanity.—From 1880 till his death, in 1898, Voism devoted 
himself largely to the treatment of mental disorders by hypnotic 
suggestion, and claimed to have cured many cases of undoubted 
insanity. The majority of the patients suffered from mania, or 
from melancholia with hallucinations, suicidal impulses, and 
delusions of persecution. Many of the cases are of extreme 
interest and carefully reported. The following is an example :— 

T.,aged40. Suicidal melancholia with hallucinations. When 
the patient entered. the asylum the skin round her neck was ecohy- 
mosed, the injury having been produced by a cord. Owing to 
her constant attempts at suicide 1$ was necessary to put her in a 
straight-jacket. When she spoke, which was at rare intervals, 
she stated that she was accused of murder, and the police had 
come to arrest her. She rarely moved during ‘the day, but at 
night was restless, and did not sleep. There was incontinence 
of urine and feces. For fifteen days she had refused food. 
Complete recovery after a month’s hypnotic treatment. 

Dr. Répoud cate Asylum of Marsens, Fribourg) claims 
to have obtained results similar to those of Voisin in cases of 
insane patients who were not hysterical. Burckhardt (Préfargier 
Asylum) records successful cases of delusional insanity and acute 

uerperal mania; Liébeault, hereditary suicidal monomania; Dr. 
Ger (Brest), religious melancholia following confinement; 
Dr. Velander (Xonkóping, Sweden), melancholia with mutism. 

' Dr. Robertson, while at Morningside Asylum, was able to 
hypnotise and control the worst case of suicidal and homicidal 
mania there had been in Morningside for ten years. He found 
hypnotism of much value in the management of violently insane 
patients. 
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In 1897, Dr. Woods, Hoxton House Asylum, reported good 
results in several cases of insanity and allied disorders. , . 

Forel suggested that Voisin’s so-called insane patients were 
not genuinely insane, and only suffered from aggravated forms of 
hysteria. Voisin denied this, but said that even if this were so, 
the successful treatment by suggestion: of hysteria alone marked 
.& therapeutic advance of no little doa Our asylums, he 
said, contained a large number of hysterical insane who were 
violent and dangerous, and who inspired both disgust and pity by 
their tendency to drink and steal, and by their lies, dirtiness, and , 
obscene and unnatural acts. Some of those who had long been 
asylum inmates were now, thanks to. hypnotism, leading active 

, and useful lives, & fact which he thought went far to.prove the 
value of this form of treatment. Forel himself, at a later date, 
recorded a case of delusional insanity with hallucinations, which 
he had successfully treated. i 

Those unacquainted with hypnotio literature might be led by 
X's statements to conclude that hypnotism at home was repre- 
sented by his failures and abroad by Forel's solitary dipsomaniac. 
The account I have just given, though the merest outline of hyp- 
notio therapeutic work, is sufficient to indicate that X's picture 
of it is, to say the least, lacking in proportion and perspective. 
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PROCEEDINGS OF THE NEUROLOGICAL 
SOCIETY OF LONDON. 


AT the Clinical Meeting to be held on March 2, 1899, at 
8.80 p.m., in the Medical iety’s Rooms, 11, Chandos Street, 
the following cases were shown :— 

Dr. F. E. Bartun.~-Unusual’ form of muscular atrophy in a 

boy aged 5} gears. . 
à J. B., aged 5$; learnt to walk at two years of age, but 
never walked ro Poem He very easily becomes fatigued. 

Present Condition.—Poorly-developed child with wasted limbs, 
especially bdlow. the knees and the forearms; contraction of 
_, museles, giving rise to flexion of the legs at the hip and knee- 
joint and to. flexion of the arm at the elbow; walks on tip-toe 
with toes inverted; unable to rise from the floor into the standing 
position, but can et on to his knees; all movements capable 
qu E perform no hypertrophy ‘of muscles; knee-jerks 


D T. D. Savinn.—A case of epileptiform: seizures of (supposed) 
vaso-motor origin. 
Mary M., aged 61, had been subject all her life, on and off, to 
three symptoms— faintings, " « flushings,” and “ nose-bleedings i 
—Ghiefly in her youth, and latterly, seven months ago, when she 
had had much trouble, the nose-bleedings ceased, and ‘were 
suddenly replaced by the occurrence of more severe faints; and 
' two or three months ago the fainting attacks gradually became 
attended by movements of the limbs until they assumed all the 
characters of idiopathic epilepsy, occurring several times daily, in 
some degree. Epigastric gura (which might be absent) followed by 
unconsciousness. The attack might or might not be attended by 
movements of the limbs. In one seen by Dr. Savill the patient, 
who was standing, gave an inarticulate cry, which was followed 
by a long inspiration, She seized hold o the screen which was 
near her, shook it violently, walked backwards with eyes fixed till 
she came to the wall, articulating as she did so ‘ ub-ub-ub-ub-ub.” 
The lips became somewhat purple, the face rather pale, and the 
pupils dilated. Saliva ran out, of the mouth, and she made 
smacking movements with her lips as though tasting something. 
The respiration was laboured and the attack ended by a long 
expiration or sigh. The patient was quite unconscious, but, the 
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whole seizure only lasted about sixty or seventy seconds. When 
the patient came round she expressed herself as feeling, perfectly 
well, and there was no drowsiness. The heart was somewhat 
feeble, and probably both ventricles were somewhat dilated. A 
faint systolic ‘apical murmur (? of dilatation) was heard when 
she first came to hospital, but had since disappeared. The 
other viscera and the urine are normal. It was suggested that this 
case appeared to support the theory of the vaso-motor origin 
of epilepsy, on account of the gradual transition of obviously 
vaso-motor phenomena into attacks which were to all intents and 
purposes idiopathic epilepsy, occurring for the first time in a 
woman aged 61. ; 

Dr. H. A. OAxnmy.— Case with symptoms of syringomyelia with 
sudden aac iei de by rapid diminution in intensity. 

History —W. H., aged 30, bricklayer. Rheumatic fever twice. 
No history of syphilis. Symptoms said to date from severe fall 
twelve months ago. Difficulty of walking gradually developed, 
followed by Duces weakness with numbness of right hand 
and arm. Marked disposition to sleep, occasional headache and 
vomiting, but neither severe. On Jan. 7, 1899, he had a “fit,” 
in which he suddenly fell down unconscious. There were move- 
ments of head from -side to side, but no clonic movements of 
extremities, arms crossed on the chest, with right hand tightly 
clenched. When the fit was over it was found that he could not . 
stand or move his arms, which appeared quite helpless. Next 
morning was able to walk with difficulty. After this fit the 
‘previous symptoms were much intensified—-marked weakness of 
hath arms, “claw-like hand," with inability to move fingers on 
right side, legs unsteady and stiff. . i 

Condition on admission.—Jan. 14, 1899. Marked weakness 
of right hand, with conspicuous wasting of thenar and hypo-. 
thenar muscles and of interossei, 3rd and 4th being most affected. 
R. D. in right opponens and abductor policis, hypothenar 
muscles and 4th interosseus. First three interossei acted to fara- 
dism, but response increasingly feeble on passing to ulnar side. 
Also weakness with some atrophy (but no electrical changes), 
of right serratus magnus and thromboideus major. Scoliosis. 
Marked rigidity of legs with spastic gait. Sensation normal over 
. lower extremities and trunk as high as 5th rib, above this tactile 
sensibility normal or slightly blunted, painful and thermal stimuli 
not recognised as such. This also applied to sides of neck, front 
of face, and upper extremities excepting & small area along inner 
side of left upper arm.  Knee-jerks greatly exaggerated, foot 
clonus and rectus clonus. Sphincters unaffected. Treated with 
liq. hyd. perchlor. and pot. iodid. 

Subsequent progress.—During the ensuing week decided im- 
pon could walk better, legs less rigid, more power'in right 

and and arm; sensation unchanged. 

A week later thermo-anmsthesia and analgesia over the chest 

much less marked. One-month after admission, 1.e., five weeks 
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after the fit, marked improvement in all respecté. Weakness of 
right hand and arm less, gait comparatively normal, myotatic 
irritability less, thermo-anmsthesia and analgesia only partial 
in degree and much less extensive, being limited to sides of neck, 
first intercostal space, and arms. ] 

' Dr. Winrrep Hannrs.—Homatomyelia. 

History.—A. J. B., aged 26, cook. Three and a-half years ago, 
whilst, bathing in the sea, experienced sudden pain across shoulders 
and down arms, and immediately after complete paralysis of both 
arms.. Walked home quarter of a mile, aud in another half-hour’ 
became completely paraplegic. Legs completely paralysed for a 
fortnight, then gradual improvement. Left arm began to improve 
after six weeks, and right arm in three months. Power over 
sphincters partially regained after two months: 

P.S.—Blight spastic gait, drags left foot. Knee-jerks +. 
Complete wasting of right serratus magnus, latissimus dorsi, 
triceps, and lower half of pectoral and of upper portion of left 
pectoral, and slight wasting of left thigh and calf. Slight lateral 
curvature of spine. 

Marked analgesia and thermanmsthesia over whole body and 
limbs up to middle of neck. Tactile sensation almost perfect. 
Now often burns himself unconsciously. Slight sphincter trouble.. 

Dr. J. H. Buyawr.—Funectional tremor. closely simulating 
paralysts agitans, following typhoid fever, ` 

Male, aged 31. Hngine-room artificer, R.N., suffering from 
tremor of fingers, hands, &c. He was quite well as far as his 
present complaint was concerned until convalescence from typhoid 
fever, for which he was admitted to a Hong-Kong hospital on 
July 2, 1898. About a month after being in the hospital he 
noticed shaking of his hands and legs. It was first detected in . 
and always had been most marked in the fingers and thumb of 
the left hand. He had also noticed since'his return that he got 
occasional hot flushes, and that he sweated a goód deal at night. - 
He had had electrical treatment for six weeks, and thought h 
was much better for it. 1 . 

Present condttion—He has marked tremor of both hands, 
especially of the left. The thumb and index-finger are continually 
on the move. The tremor may be described as resembling the char- 
acteristic pill-rolling movement of;paralysis agitans. When he 
raises himself from the supine position without using his arms he 
gets'& rather violent tremor of the muscles of his body and limbs. 
There is no obvious loss of power in the hands or arms. His legs 
appear to be weaker than they should be. There is no loss of 
sensation. ‘The knee-jerks are brisk. There is no ankle or 
patellar clonus. No atrophy of thd muscles. No R. D. No 
oculo-motor paralysis. There is' slight temporary oscillation of 
the eye-balls when they are moved in ‘a lateral direction; he 
-` cannot keep his eyes fixed and looking to the left or right without 
` a feeling of fatigue and strain., 
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Dr. SrAmBEIELD.—ÉEfpilepiio insanity associated with mastoid ` 
disease, Operation: Improvement of mental symptoms, and cessa- 
tron of fils. > b 

H H., aged 31, laundress, commenced to have a. discharge 
from the right ear ‘when twenty years of age. A year later she 
had her first fit. Epileptic fits continued at frequent intervals up 
to the date of the first operation, a, period of nine, years, during 
the last three months of which she had 164. For the latter halt 
of the nine years she had grave mental symptoms. The dis- 
charge from the ear continued during this time, but was inter- 


„mittent. :On January 28, 1898, her mastoid cells were trephined. 


She had had no fit since the operation, but she had continual: 
headache, sickness and vomiting, with puffness and tenderness 
of the scalp to pressure over the right ear. Dean's operation 


-was performed on April 12, 1898, and the parts,thus exposed 
' were explored. No signs of pus wefe found, but the operation 


was contémporaneous with the disappearance of the above symp- 
toms. The grave mental symptoms’ passed off with the first 
operation, and the dementia, which was becoming pronounced, 
has guy, cleared. There had been no more fits. E 
ToorH.—A case of BEE of the lower eziremi- 
ties of the peroneal family form. 
' The patient, a male, aged 21, a painter, suffered at six years. 
of age from weak ankles. This weakness progressed and resulted 
in the formation of pes cavus, which required tenotomy on several. 
occasions. A year ago the hands became affected with atrophy 
of the intrinsic muscles, especially of the first and second dorsal 
interossei. The muscles of the thighs were wasted in their lower 
fourth, and those below the knees had almost disappeared, with 
loss of faradic irritability on electrical stimulation. There were 
five in the family besides the patient, who was the third child. 


` Of these all except one were affected with some atrophy of the 


leg muscles with more or less marked pes cavus. 
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THE CHOROID PLEXUSES OF THE LATERAL 
VENTRICLES OF THE BRAIN, THEIR HIS- 
TOLOGY, NORMAL AND PATHOLOGICAL, (IN 
RELATION SPECIALLY TO INSANITY). 


BY JOHN WAINMAN FINDLAY, M.D., GLASGOW. 

WHILE much-work has been done of late on the normal 
and pathological histology of the membranes and vessels of 
the brain, there has been practically nothing written for 
the last quarter of & century on the choroid plexuses them-' 
‘selves, with the exception in 1886 of Albarran’s “ Sur la 
structure d'un rénflement situó au niveau du bord libre des 
plexus choroides des ventricules lateraux.” It was, there- 
. fofe, suggested to me, while-acting oe pathologist to the 
Crichton Royal Institution, Dumfries, that a research into 
the normal histology of this structure could not fail to be . 
both interesting and profitable; and that in all probability 
there were important alterations to be found in the plexuses 
of the insane, analogous to those changes, described by 
Robertson and others, in the vessels and tissue elements of 
the. pia-arachnoid of the brain. How far this has been 
borne out, the conclusions arrived at in the course of the 
investigation must show. These conclusions, I may state, 
are.based upon the microscopic study of the choroid plexuses 
in’ sixty-five cases. Six of these, from general hospital 
cases, were kindly supplied to me by Dr. Sutherland, of the 
Western Infirmary, n dd Forty-nine of the plexuses 
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from the insane were given me by Dr. W. Ford Robertson, 
Pathologist to the Laboratory of the Scottish Asylums, 
Edinburgh, to whom I am also indebted for much valuable 
help. The remainder were from cases examined by myself 
at the Crichton Royal Institution. For the study of the 
normal structure I also made preparations from several 
absolutely fresh choroid plexuses of the sheep, ox and calf. 
I desire to express my thanks to Dr. J. Rutherford for 
placing unlimited time at my disposal during the progress 
of this research, and generally facilitating the work in every 
way he could. My thanks are likewise due to Dr. James 
Finlayson, Honorary Librarian to the Faculty of Physicians 
and Surgeons, Glasgow, to whom I am much indebted for 
the assistance he gave me in obtaining references in litera- 
ture to the subject under discussion. 


NORMAL HISTOLOGY or tag CHOROID PLEXUS. 


It is generally accepted that the choroid plexus is formed 
of pia mater, while it is held that the velum interpositum is 
composed of two layers of pia mater, between which are 
contained arachnoidal tissue and blood vessels.!* 

As the choroid plexuses are only fringes of the velum 
interpositum, one would expect to find arachnoidal tissue 
here also, but such is not described, the generally accepted 
view being that they are composed of pia mater alone. 

Lately, however, W. F. Robertson and Middlemass? 
have formulated the doctrine that in the soft coverings of 
the brain two distinct membranes do not exist. They 
hold that there is essentially only one structure throughout, 
and therefore only one membrane, which they propose to 
call pia-arachnoid. By means of horizontal sections Robert- 
son has demonstrated that the so-called sub-arachnoid 
spaces may be seen in miniature from immediately under 
the endothelial covering on the outer surface right down to 
the inner surface just external to the cortical tissues. 

To my mind, after an examination of Dr. Robertson’s 


* The numbers refer to bibliography at end of paper. 
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sections, this contention of the oneness of structure of the 
pia mater and arachnoid has been proved, and it seems to 
me that the basis of the choroid plexus consists essentially 
of the same structure as the pia-arachnoid covering the 
surface of the brain, and likewise resemblés a “spongy 
lymph sac.” 

The basis of the choroid plexus is delicate white fibrous 
tissue. The white fibres are gathered together into bundles 
or trabecule of ` varying thickness and length. These 
bundles interlace with and cross over one another, after the 
manner of a network, forming numerous spaces of all shapes. 
These spaces, inaccurately placed above and alongside of 
one another, form freely communicating cavities containing 
fluid, and are lined throughout by a single layer of flattened 
endothelial cells with large oval nuclei. The meshes of 
these networks are larger and smaller, the largest being 
quite microscopic in size, and the smallest showing only a 
solitary endothelial cell. 

In the pia-arachnoid itself these spaces are largest in 
the centre of the membrane, where they form the so-called 
“ subarachnoid spaces," or about the base of the brain the 
“ arachnoid cisterns.” 

Much the same condition may be seen in the more 
central parts of the glomus—a fusiform swelling of the 
plexus seen at the junction of the body with the descending 
horn of the lateral ventricle—where these cavities often 
attain a considerable size. This might be taken as evidence 
that the choroid plexus consists of two distinct structures, 
viz., an external layer of pia mater and a central mass of 
arachnoidal tissue. Such, however, I cannot believe. It 
seems to me that, as in the case of the pia-arachnoid on 
the surface of the brain, there is only one structure through- 
out. Most marked in the centre of the glomus, the lymph 
spaces get smaller and smaller as we pass towards the 
surface, till it becomes difficult to make them out. But 
even bere in many cases it is possible to do so, and at 
most these relatively dense portions of the plexus are but 
loose areolar tissue lying alongside distinct and easily 
recognised sinuses. 


164 °° ‘ORIGINAL ABTIOLES AND CLINICAL CASES 


The choroid plexus, then, may be said to be composed of 
a duplication of the external pia-arachnoid, since ‘the basis 
‘of the plexus resembles it in every way. 

There is-also & small quantity of elastic tissue in the 
form of fine threads or filaments. These elastic filaments 
may be seen lying longitudinally on the surface of a con- 

' nective tissue bundle, and also winding round and encircling | 
it with several spiral turns. This.is brought out by treating 
a portion, of teased choroid plexus with acetic acid. The 
connective tissue trabeculs then swell up, and show circular 
- or spiral markings with a distinct dark thread at the point 
of constriction. A continuous spiral may be traced here 
and there around the bundle, but the appearance of separate 
` rings is more commonly observed. x 

This arrangement of the elastic fibres in areolar tissue 
was first pointed out by Henle: where only separate 
rings are observed, it has been suggested by Schäfer that 
this reaction is not due to the presence of elastic fibres, 
but that “the bundles in question are naturally invested 
with a delicate sheath, which, like elastic’ tissue, resists” 
acetic acid, but, on the swelling up of the bundle under 
, the operation of that agent, is rent into shreds or segments, 
mostly annular or spiral, which cause the constrictions. In 
other cases the union of branches of the cells around a 
bundle may be the cause of. the appearance.” ? 

Connective tissue cells are also found on the surface 
of the bundles or lying between them, and most frequently 
assume the spindle or branching form. Pigmented cells ` 

. may. here and there be seen, but their number is never 
large. i 


^ Vessels of the Choroid Plezus. ` 


The choroid plexus is a very vascular structure and its 

vessels are exceedingly tortuous. The large choroidal vein 

' and the principal arteries run longitudinally along its base. 

The branches of the latter pass mainly upwards and go 

„ón dividing till eventually a very close capillary network 
‘is formed. 

` Arteries.—The larger arteries contain several layers. of 
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muscular. tissue, , and o well marked adventitial coat com- 
posed of wavy connective tissue fibres running parallel to 
he course of the vessel. Outside this adventitial coat, 
and flattened ‘along it, are the lymph spaces of the pia- 
arachnoid; indeed, the connective’ tissues’ of the two struc- 

tures gradually merge into one another. -The elastic lamina, 
too, seems to be well developed in these arteries. 

Before describing the arterioles as normally met with 
in the choroid plexus, let me quote from W. F. Robertson’s 
description of them as found in the posso of the 
brain: 

“ There is a fact ‘regarding the Gett of the pia- 
arachnoid that; I think, helps us to understand the true. 
constitution of the membrane. It.is that they have no . 
proper adventitial coat. Immediately outside of the mus- 
cular wall there is a single layer of endothelium which is 
continued down to the capillaries as pointed out by Klein. 
.  Obersteiner believes that this layer forms the outer wall 

_ of a lymph sac, a point that must be regarded, I think, 
as doubtful. Beyond this endothelial layer lying on the 
muscular. coat, the vessels, with the exception of some of 
' the very largest of them, have no special investment of 
longitudinally disposed fibrous tissue, such as is found in 
the vessels elsewhere. They are, as it were, naked vessels 
surrounded by trabecule and lymph spaces. The trabecular 
tissue, however, practically forms for them & common 
adventitia. From s consideration of these features of 
structure Dr. Middlemass and I have advocated the view 
that the whole extra-vascular structure of the soft mem- 
‘branes may be looked upon as the conjoined’ and hyper- 
trophied adventitial coats of the pial vessels, the lymphatic 
spaces of which have undergone a special development so 
as to form a spongy lymph sac."* More recently W. F. 
"Robertson has altered his opinion as to the naked condition 
of the arterioles. He now holds. that they are possessed 
of a delicate adventitial .coat, and maintains that this 
additional observation is in no way out of harmony with 
the general spirit of the above dootrine.* 

In many cases it is impossible to make out any 


166 ORIGINAL ARTICLES AND CLINICAL CASES 


adventitial layer; and immediately under the muscular 
coat appear, round, oval, or spindle-shaped spaccs of small. 
size and lined’by an endothelium. In other’ cases, again, 
a very thin layer of longitudinally disposed: fibres of con- 
nective tissue may be seen, and I feel assured that an 
adventitial coat exists, though in places so thin as to be 
discerned only with difficulty or not at all. The presence, 
moreover, of such is: further. proved when, thickened by 
hyaline degeneration, the adventitia appears’ as a well- 
marked regular band beyond the muscular coat, eyen in 
_ arterioles with only one layer of muscular cells. Beyond’ 
the adventitia, now and then, appearances, as of a con- 
tinuous layer of endothelial cells, may be made out, or a 
longitudinal channel lined by such cells seems to exist 
between two small arterioles. Such & condition, however, 
does not appear to me to imply the existence of & special 
lymph sheath, but is most probably produced by one of 
the spaces of the “‘spongy lymph sac," altered in shape 
to suit the exigencies of the case. Albarran’ considers the 
vessels of the choroid plexus as destitute of, a lymphatic 
sheath. Moreover, one can see no necessity for such if 
the contention of Middlemass and Robertson be correct— 
that “the whole pia-arachnoid may be looked upon as the 
conjoined and hypertrophied adventitial’ coats of the pial 
‘vessels, the lymnphatic spaces of which have undergone 8 
special development so as to form a spongy lymph sac.’ 

The intima of the small arterioles is likewise very 
thin, the endothelium being separated from the’ muscular 
‘coat by a very delicate layer of tissue. W. F. Robertson’ 
holds that the elastic coat has normally no existence in 
the. small cerebral arterioles. I cannot, however, agree 
with this, and it seems to me, that even the amallest 
arterioles possess a fine elastic lamina. Indeed, in the 
normal condition the intima consists of practically nothing 
else but endothelium and elastic lamina. 

' Capillaries—The capillary network is best marked at. 
p the surface of the plexus, immediately under the epithelium 
and in the vili, but may be traced throughout a great 
part of the plexus. The more central parts of the glomus, 
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however, show: no such network, and the tissues here are 
practically non-vascular. The capillaries are of large size 
and are likewise surrounded by the spaces of. the pia- 
arachnoid, and in parts little more than two layers of 
endothelial ‘cells—that of the capillary itself and that of 
the space—seem to separate the cavity of the lymph sinus 
from the interior of the capillary. There is no reason fo 
believe that the minute “vasa serosa,” described and 
figured by Luschka’ in this structure, have any real 
existence. 

_- The capillaries here, moreover, are enterkublo for the 
‘fact that they possess a special adventitia in addition to 
their endothelial intima. "There are two forms of nuclei 
in these capillaries, elongated, and rounded. The former 
belong to the intima, stain faintly and do not project from 
the capillary wall; the latter, on the other hand, are 
adventitial, stain deeply and do project. This adventitial 
investment must be considered as ‘consisting of two 
elements, connective tissue cells and exceedingly delicate 
fibrils, the latter being continuous with the connective 
. tissue of the adventitia, of the larger vessels. These fibrils 
‘in the capillary walls. are of great importance, for it is in. 
them, as .Woodhead® points out, that the process of waxy 
degeneration is supposed to occur. Small capillaries, too, 
may be normally seen immediately under the muscular 
coat of arteries and arterioles and quite close to the intima 
of veing. 

' Veins.— The veins are very. numerous, and so frequent 
are their windings and bendings that there almost seems 
to be mm the glomus an arrangement of blood sinuses 
‘approaching the character of cavernous tissue. In sections 
the blood spaces appear large and very irregular in shape, 
and though at first’ inclined to: attribute these to the 
presence of a cavernous ‘arrangement here, I am now 
convinced that numerous and very tortuous veins are all 

wer have. The veins are'lined by an endothelium and 
have remarkably thin walls, which are devoid of muscular 
tissue. "The fibrous tissue of the walls very quickly merges 
into the surrounding spongy tissue, and spaces lined by 
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an endothelium are seen quite close to the intima. ‘Indeed, 
the wall of a vein might be said to be composed of only 
& more compact pis-arachnoid tissue. 


Ville. 
The surface of the choroid plexus is beset with a large 


number of highly vascular villous projections. These are 
of all sizes, and the largest may branch and subdivide 


many times before the. ultimate villi are formed. Where ' 


the plexus does not present such a shaggy appearance to 
the naked eye, small non-branching villi may be seen 
closely arranged alongside one another. 

Each larger villus has an afferent artery and efferent 
vein. These open into a capillary network lying near 
the surface, and in the ultimate villi a capillary loop, in 


the form: of a bow, may be seen élose under the epithelium, . 


which everywhere covers the plexus. The same capillary 
may pass through more than one villus. The greater part 
of the villus structure consists of epithelium and capillary, 
the smaller remainder being made up of homogeneous 
connective tissue, with a few oval, spindle, or ramifying 
. corpuscles. Occasionally, however, this tissue appears 
fibrillated, but only in the very largest villi can spaces 
,and trabecule be made out, & loose areolar tissue being 
more commonly observed. 


Epithelium of the Choroid Plezus. 


The free surface of the villi and of the Bee 


between them is everywhere covered by an epithelium. 

Hackel® regards the epithelium as composed of a single 
layer of cells, but in pathological conditions he has seen 
these cells greatly increased in number. Heldt! likewise 
describes only & single layer of pavemented epithelium, and 
denies the existence of several layers. With Heckel and 
Heldt may be classed Schäfer, Dejerine," Koelliker and 
others. 


Luschka,’ on the contrary, has described this epithelium | 


‘as approaching the stratified formation, recognising not only 
two or three layers of cells situated above one another, but 
also different developmental forms. 
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In many places it can be démonstrated that only a single 
layer is present, but then just as often thrée, four, or more 
layers may be seen, the two conditions lying alongside one 
another. Heckel, we saw, regards the latter state as due 
to pathological proliferation of the epithelium. Such, how- 
ever, I cannot believe. The existence of several layers of 
cells seems too common to be accounted for in this way, 
being found in all my cases in parts without exception, and 
also.in the choroid plexuses of sheep, calves, and oxen 
examined. Beyond a doubt several layers of cells normally 
exist, and may be traced.through their different stages of 
transition as we pass to the surface. Moreover, in a few 
human plexuses I have seen the deeper and more active 
cells in actual process of division, still further demon- 
strating, es Luschka held, that there are not only two or 
| three layers of cells situated above one another, but. also 
different developmental forms. Where only one layer of 
cells exists I must suppose that the others have been 
brushed off, though I have to admit that narrow spaces 
covered by, and apparently unable to’ contain more than, a 


. „Bingle layer of epithelial cells are found. It is possible, 


however, that the contraction of the tissues, in process of 
hardening, has altered the character which such a space 
possessed during life. These epithelial cells form a transi- , 
tional rather than a stratified variety of epithelium, for the 
outermost cells never show any tendency to become 
' flattened. 

"The individual cells vary in size, ranging from a little 
less than '01 to ‘015 mm. .They are irregularly rounded. or 
polygonal in shape, and when an epithelial surface is seen 
on the flat, they présent an appearance like a piece of mosaic 
work. They fit closely by means of delicate processes 
which ‘interlock between neighbouring cells. Henle has 
described these processes—which he terms “ prickly "—as 
locking into suitable cavities in adjacent cells like a wedge. 
In, the deepest layer small and slender processes may be 
. Seen coming off from the base of a cell at the angles and 
penetrating into the sub-epithelial layer. ‘This last fact was 
' first pointed out by Henle, and is of considerable importance f 
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as tending to support the view that the epithelium of the 
choroid plexus is homologous with the ependymal epithe- 
lium, which has such processes even in adult life. There 
are no cilia on either the cells lining the plexuses or the 
ependyma of the ventricles, but such are generally believed 
' to exist in embryonic life. The protoplasm of the epithelial 
cell is very granular and contains & large round nucleus, 
likewise granular, in. which a nucleolus can: occasionally be 
distinguished. In addition there is usually present a clear- 
yellowish, or even brownish-coloured, highly refractive glo- 
bule, sometimes approaching the dimension of the nucleus 
„itself, but as a rule only attaining to a third or less of that - 
size. By means of an oil immersion lens it may be Been ; 
that the granular appearance of the protoplasm is in reality 

` due to an immense number of small globules, which appear 
to be of the same nature as the large one. Where there are 
several layers of cells in situ it may be made cut that this 
vacuolation increases'steadily as we pass to the free surface, 
until cells are reached entirely transformed into globules 
and showing no nuclear staining. Beyond this, again, the , 
' cells discharge their contents. by breaking up, sometimes 
leáving an empty cell membrane to indicate ‘where they 
‘have been. Before, the cell actually breaks up the globules 
may ran together to form a single large sphere. In celloidin 
preparations, where the ventricular fluid has got entangled 
in the recesses of the plexus, numerous droplets, clear and 
. pigmented, and in every way similar to those met with. in 
' the epithelial cells, may be seen lying free on the surface; 
while here and there these same droplets appear to be run- 
ning together to form larger drops. 

The- single globule, so often’ £ seen in the E 
with ordinary powers, almost invaribly becomes darkened on 
being treated with osmic acid, while the granules also are. 
' blackened. This reaction- has led Obersteiner? and others 
to regard them as béing of a fatty nature, and it seems to 
me some relation td a fatty substance may be: inferred, 

Haeckel*.accounts for the’ presence of the pigment in the 
epithelial cells by accepting the same view and then .sup- 
posing & “transformation from fat into pigment, as has | 
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beeh already demonstrated in the case of certain other pig- 
ment granules." But there is, to my mind, no reason why 
. we should not accept the pigment colouring the globules— 
' or even the pigmented granules occasionally found—as 
normal td the epithelial cells, especially in conjunction with 
the frequency of normal: pigmentation in the elemental 
tissues of the brain and its ERC ‘ 


Nerves of the Choroid Plezus. 


Purkinje“ has described a retiform arrangement of fine 
nerve fibres in the pia mater. Koelliker™ has found that 
` these nerves always follow, the course of the arteries, and 
_ though hé has never recognised them in their endings, he 

has traced them into the substance of the brain.along with 
small arterioles. ' He states, however, that no nerves are 
to be found in the vessel plexuses of the brain, though he 
mentions that iBochdalek has seen fine nerve twigs in the 
choroid plexus of the fourth ventricle, these twigs pro- ' 
ceeding from the roots of many cranial nerves. 

In 1873 Benedikt* likewise described nerves in the 
plexus of the fourth ventricle. “From the medulla oblon- 
gata and also from the large multipolar cells in the resti- 
form body, & small strap-shaped nerve bundle goes out into 


~ the choroid ‘plexus of the’ fourth ventricle. This bundle 


consists of doubly.contoured.fibres, which pass out into the 
vessels; of the plexus for vaso-motor purposes. In gold 
preparations these nerves may bé seen in the neighbour- 
hood of the larger vessels, and in the region of the smaller 
ones they appear as a terminal network of nerve fibres. 
Fibres also went out to the, epithelial cells, but nothing 
' can be said about the endings of the nerves." ‚In 1874 
Benedikt! traced these fibres to the vagus nucleus. 

Since a nerve plexus has been demonstrated in the pia 
mater and in the choroid plexus of the fourth ventricle, 
. one would expect by analogy to find & similar condition in 
` the choroid plexuses of the lateral ventricles, but such has 
not to my knowledge been described. a 

It may be seen, however, that, medullated nerve fibres 
do exist in the plexuses of the lateral ventricles, though 
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they are present in very small numbers. I have not been 
able to trace them for any distance, and can say nothing 
as to their relations and distribution but that they seem to 
Dem the deeper parts of the plexus and sometimes in the 
neighbourhood of vessels. Both in man and the calf these : 
fibres were brought into view by W. F. Robertson's modifi- 
cation of Heller's method. It seems not at all improbable 
that, as in the plexus of the fourth ventricle, these are. 
vaso-motor nerves destined for the blood vessels. ` 


PATHOLOGY OF THE CHOROID PLEXUS. 


: The choroid plexus is liable to be affected by many 
pathological changes. Each individual: tissue may ` be 
attacked, or the lesion may be more or less common to 
the entire plexus. “The tumours are chiefly of the meso- 
blastic or connective tissue type, but epithelial or carcino- 
matous growths are also met with.” Among the former 
Ziegler describes the following: ‘‘ Sarcoma, alveolar. sar- : 
coma, endothelioma, myxosarcoma, myxoma, angiosarcoma, 
angiomyxoma, angiomyxosarcoma, angioma and psammoma, 
while more rarely fibroma, lipoma, chondroma, and cystic 
fibroma are present.” Secondary growths of -every kind 
are found, and of animal parasites may be mentioned the 
echinococcus and cysticercus." " Cholesteomata ‘are rarely 
. Seen in the human subject, but seem to be somewhat 
common in the horse, where they may attain an enormous 
gize. 18 
Ibave not had an opportunity of examining any of the 
above-mentioned conditions, and will now _proceed to de- 
scribe those changes which I have met with in the course 
of my investigation. : 


(a) Concentric Bodies. 


These structures are very common in the choroid plexus. 
I have found them in every human case examined. They 
are often present in enormous numbers, and Heldt? has 
regarded them as being in great part normal and physio- 
logical. They have been described under different names: 
brain sand, acervulus cerebri, concentric concretions, hyaline 
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‘concentric bodies, &c. and much difference of opinion 
has existed as to their mode of origin and composition. 

: In none of the choroid plexuses from the ,sheep or ox 

was I fortunate to meet with any of these bodies, though 
in the calf I, on one occasion, found what I took to be 
early developmental: forms. ` Luschka has observed them 
in rabbits, dogs, and horses. 

Similar concentric bodies are found in all the membranes 
of the brain and spinal cord; and constitute the chief 
element in those tumours called psammomata. 

The usual form of these bodies is round, and, as a rule, 
they are surrounded by a well-marked hyaline capsule, or 
even a capsule of fibrous tissue with long, thin, spindle- 
shaped cells. They are marked with numerous concentric 
rings, these markings varying in intensity and number in 
individual bodies.’ Though the most common, this is not 
the invariable shape, and many different. forms may be 
produced from several spheres coming together. Thus we 
may have a dumb-bell or trefoil-shaped structure, the in- 
terior showing distinct concentric bodies with rings of their 
own, while beyond these the body is surrounded by a 
common stratification. Rod-shaped bodies are occasionally 
seen, but they are decidedly rare. : Irregularly ud 
forms, as described by Luschka, Heckel and Koelliker, I 
- have never seen. 

Heldt, as the result of his observations, states that all- 
these bodies show a thoroughly round shape. He is, I 

_ think, in the main,right. All of them—with the exception 
of the rare rod-like forms—show a thoroughly round shape, 
or a combination of several such shapes, resulting in a more 
or less irregular figure, but one, however, which can always - 
be resolved into a collection of spheres. They likewise 
vary very much in size, and are found in the plexuses 
"ranging from ‘01 to ‘15 mm. in diameter. 

i Apart from their concentric markings, these bodies are, 
as a rule, structureless, but now and then the forms of 
globes or spheres can be made out in their interiors, though 

'in many caseg nothing more than a few granules are seen. 
Heckel, however, found as the nucleus of such bodies 
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nucleated cells, fat and pigment granules, heaps of shrivelled 
. blood corpuscles, and rarely corpora amylacem. It is often 
passible to make out cells swollen from hyaline degenera- 
tion in the centre of these concentric bodies, but their nuclei 
are never visible. I have, however, never seen any appear- 
ances suggesting that blood corpuscles or corpora amylacese 
might form the nuclei or beginnings in the development of - 
the same (concentric bodies). 2 

In 'eosine and hsematoxylin preparations they usually 
take on a bright-red colour, though sometimes the centre is 
coloured blue, while the periphery alone shows the eosine , 
staining. In the same body, moreover, the different con-. 
centric rings may take up the eosine with different degrees 
of avidity. Carmine stains these bodies deeply, though in 
picro-carmine preparations here and there yellow rings are 
observed inside the red body, while the very small bodies 
are alone stained by the picric acid. Van Gieson’s stain: 
colours them a bright red, due bo the fuchsine present in it. 
. In the same way the fuchsine in the Ehrlich-Biondi stain 
attacks the concentric bodies, making them stand out in a ` 
remarkable manner from the surrounding 'faint-red or green- 
coloured tissue. The hyaline’ droplets, which. are found 
in abundance around the concentric bodies, and which 
represent a phase in the development of the latter, do not 
take on the red fuchsine staining, but stain a dirty-green 
colour with the methyl green. Weigert’s fibrine stain 
occasionally colours these concentric bodies, along with the 
hyaline connective tissue trabeculw, a deep-blue colour, ` 
while the surrounding tissue remains unstained. These 
formations have never shown in any of my cases a waxy 
reaction with methyl violet. Osmic acid distinctly darkens 
‘these structures, sometimes bringing out a granularity not 
before evident, or accentuating the concentric ‘markings. 

All the older writers, including Oberstéiner, Haeckel, 
Luschka, and Heldt, describe these bodies as concretions 
composed: of carbonate of lime and carbonate and phos- 
phate of magnesium. Heldt, however, lays special emphasis 
on the fact that there are also ‘hyaline concentric bodies, 
‘which have not yet become calcified, present in the choroid 
plexus. 


! ` 
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^ Aqueous solutions of mineral acids and acetic acid have 
practically no, action on these structures;. but if strong . 


' hydrochloric acid be used, & brisk effervescence takes place 


: In many cases. Other concentric bodies, however, give on 


no gas on being tréated with hydrochloric acid. 
After examining my sections, I am of. opinion that these 
bodies are not merely deposited from the tissue fluids; as 


Virchow® and others think, but that. here we have an 


active proliferative process followed. by a degenerative one. 
D has been already mentioned that the pia-arachnoid is a 
spongy lymph sac, made up of trabecule lined with 
endothelial cells. To begin with, probably.as the result of 
some chronic irritative process, a proliferation of ‘the 
endothelial cells occurs, and these cells may be seen under- 
going division by the process of karyokinesis. In eosine 
and hematoxylin preparations the following phases of 
degeneration may be traced subsequent to the proliferation. 
The cell plate first of all swells up and becomes homo: 
geneous, staining a very faint blue, while the nucleus has 
an increased affinity for hematoxylin. Next the protoplasm 
of the cell becomes possessed of an increased attraction for 
eosine, and usually has a somewhat granular appearance. 
Then the eosine staining becomes fainter and less granular, 


, &nd with an oil immersion lens it can be made out that 


the protoplasm has formed inside the cell very numerous 
hyaline .globules which, at first separate, eventually run 
together. The nücleus now loses its affinity for hema 


' toxylin, stains more faintly, and in part shows the cosine 


colouration. ‘This progresses gradually, till finally the 
nucleus is altogether coloured with eosine, being darker 
than the hyaline cell-plate. Afterwards this distinction is 
lost, and nothing is seen but a homogeneous hyaline sphere 


` staining faintly with eosine, and measuring in diameter ‘01 


to ‘05 mm. One of these spheres may form a concentric 


body, and nunjbers of such with only one, concentric mark— 


doubly contoured spheres—may be seen. As a rule, how- 
ever, these spheres, probably of & semi-fluid consistence, 


coalesce to form the more usual concentric body In many 


` cases the cells valk up this position before degenerating, 
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and in a space a regular whorl of cells is seen, in appearance 

like a “ cell nest,” or as Ziegler puts it, like the skins of an 
onion. All stages. of degeneration may be met with in 

these, from the swollen cell with the dark-blue nucleus to 

the homogeneous hyaline sphere. ‘Nor does it seem neces- . 
sary that these hyaline spheres should form concentric 

bodies in the identical spaces in which they are developed. 

Tt appears not at all unlikely that théy may be carried along 

in the lymph stream circulating through thése spaces till 

arrested by some obstruction. Indeed, the position and 

arrangement of, many suggest this. Behind such an 

' obstruction other hyaline spheres will be constantly added, 

and the never-failing pressure applied from behind will be 
sufficient to weld them into a single large mass, while 

probably, as W. F. Robertson indicates, the concentric 

rings appear subsequently owing to shrinkage. 

The fibrous capsule so frequently present is added later, 
after the manner in which nature encapsules all foreign 
bodies ; and ‘in all probability the fibrous tissue owes its 
origin to the still healthy endothelial cells. There is neve. 
any round-cell infiltration around these bodies, the cellular 
aggregations in their neighbourhood being endothelial in 
-eharacter. Nor is there any need of such a round-cell 
infiltration to explain the subsequent development of the 
connective or fibrous tissue capsule, as ''the endothelial 
cells,” according to Metchnikoff,*" “ are actively engaged in 
the formation of new connective tissue.” 

This proliferation and degeneration of the endothelial 
cells may occur anywhere throughout the plexus, but is 
most marked in the glomus, where, too, the normal trabecular . 
arrangement of the pia-arachnoid can be most perfectly made 
out. In the same way cells may proliferate and degenerate, 
and concentric bodies may form inthe spaces close to the ` 
vessel wall; but, so far as I can see, there is no special 
‘tendency to the occurrence of them here. When concentric 
bodies develop in spaces immediately outside a vessel, they 
may by pressure.seriously obstruct it, or lead to the absorp- 
tion of a hyaline adventitia. These facts probably account 
for the description of buddings or ampullary dilatations of 
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the walls of the blood-vessels of the choroid plexus by Cornil 
‘and Ranvier,” and also for the further ides that the incrusta- 
Ho of these buds by lime salts formed the concentric bodies: 
Heldt came nearer the truth when, denying the presence of 
buds on the vessels, he attributed the formation of these 
bodies to & hyperplasia of the adventitia, consisting of con- 
nective tissue-cells and stratified molecular mass, and forming 
excrescencées on the véssel wall. At no time, however, do 
these , bodies develop in the NU but always in the 
lymph spaces, beyond. 

While the above is the most common mode of develop- 
ment of concentric bodies, I do: not think that it is the 
invariable one. When hyaline degeneration attacks the 
arteries and capillaries, these sometimes become converted 
into ‘solid tubes. This condition, though in all likelihood 
happening often, is but rarely met with, suggesting the idea 
that some further change occurs in these ‘solid hyaline 

- vessels. These hyaline cylinders most likely split across, 
while the segments contract into the form of rounded masses, 

. , Which later acquire concentric markings. 

-Very frequently, too, in the midst of concentric bodies, 
hyaline rings are. met with containing degenerating cells in 
their interiors. ‘It is impossible to resist the conclusion that 
these hyaline rings are developmental forms of concentric 
bodies. ‘The hyaline circle is of varying size and thickness,, 
and may show concentric markings with spindle-shaped cells 
between ‘the different layers. The interior of such a ring 
may be lined or packed: with cells, all more or less showing 
signs ‘of breaking up, with diminution or loss of nuclear 
staining. It is difficult to trace the origin of such a condi- 
. tion, and the different appearances are most conflicting and 
confusing. In a few cases it has been possible to demonstrate 
that these are merely depressions from the surface epithe- 
lium—what may'be termed acini in transverse section— 
somewhat similar figures in longitudinal section allowing 
the continuity of the ‘epithelium to be traced. But this 
explanation does not; satisfy for all. Thus,.a small hyaline 
ring, with a single degenerating cell in its interior could not 
represent D prolongation from the surface, and most probably 
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is a hyaline’ capillary in transverse section with a contained 
endothelial cell. Others which are larger most likely repre- 
sent small hyaline arterioles or venules, with degenerating 
endothelial cells in their interiors; and in a few cases this 
can be conclusively proved by the detection of blood 
corpuscles in the lumen of such a structure. 

In conclusion, it may be stated that the majority of these 
concentric bodies are composed. of" hyaline material, this 
being more especially brought out by their réactions with 
eosine and fuchsine. But this hyaline material seems to be 
an exceedingly, unstable substance, leading at times to con- 
siderable variations in staining. Thus is the fact explained 
that in eosine and-hematoxylin preparations these bodies 
on occasions show & preference for the latter, and take up 
_ the former with different degrees of avidity. In the same 

way the reactions with Ehrlich-Biondi, and the occasional 
colouring with Weigert’s fibrine stain, are accounted for. 
The conclusion, therefore, of Alzheimer ™ seems borne out 
“ that the colloid substance "—1in this case synonymous with 
hyaline—‘‘ in the tissues undergoes transpositions, and, >` 
. becomes altered in its reaction and chemical property.” 
But these bodies are not all hyaline, as- the effervescence 
with hydrochloric acid proves. Bome of them are concre- 
tions, but they are decidedly in the minority, and are only 
met with in abundance in senile cases. In cutting tissues 
not, previously decalcified, the simply hyaline bodies cut 
easily, and offer no resistance to the knife, while the concre- 
tions will not cut, and. tear or break up the tissue. There 
is. not much, however, in the microscopic appearances, apart 
from a more or less marked granularity in the latter, to dis- 
tinguish, between them. Both are alike, and the only reliable 
test is the chemical one with hydrochloric acid. Moreover, 
it seems not at all unlikely, from the reaction with osmic 
acid, that, these hyaline concentric bodies preparatory to 
their calcification undergo s retrogressive fatty change, as 
so frequently happens in the case of calcifications elsewhere. 

In my experience—which is also the experience of W. F. 
Robertson *—these bodies are never found in such profusion 
in the mentally sound as in’ the insane. 
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(b) Mulberry Bodies. . 

' Closely allied to concentric bodies are structures which 
were first described by W. F. Robertson? in the dura 
mater under the name. of ‘mulberry bodies." : These 
bodies are also found in the choroid plexus. In comparison 
with the hyaline concentric bodies they are rare, but when 
present may occur in enormous numbers. They consist 
of groups of rounded or oval cells, which stain of a deep 
purple colour in ‘hematoxylin and | eosine, preparations, 
and are perfectly homogeneous in appearance. The in- 
dividual cells are pretty uniform in size, possessing a 
diameter of about 01 mm. Hach group may or may not 
be surrounded by a capsule. This capsule in some cases 
is only perceived with difficulty and, as a rule, is very 
faintly stained. Occasionally, however, it presents 8 deeper 
staining, and when this occurs the cells in the interior 
ate more massed : together, and discrimination between 
them is difficult. Mixed up with these mulberry bodies 
are isolated cells of the above description, which mayor 
may not have a capsule, while all around are fully developed 
f hyaline concentric bodies and pile hyaline spheres. 

W. F. Robertson expresses no opinion as to the origin 
of these bodies, but I think I have traced the process by 
which they are produced. 

Each’ little oval purple-coloured body representa & 
. degenerated endothelial cell, and may be seen in process 
of formation in the spaces of the choroid plexus. It is 
likewise a hyaline degeneration of the -endothelial cells, 
and this anomalous staining, as already seen, is no unusual 
* feature of hyaline material. These little, bodies, then, run 
. together and form o mulberry-ike mass, which later 
acquires a capsule. In all probability this capsule or 
; envelope i is elaborated not by these cells themselves, but 
is deposited around them from the fluid in which they are 
bathed. In their neighbourhood are seen large hyaline 
spheres, staining faintly, irregular i in shape, and breaking 
down or gradually merging into the fluid about them. 
hä capsule, at first indistinct, becomes more and more 
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marked, till finally it assumes a very decided hyaline 
appearance around the mulberry mass. The oval bodies 
now begin to merge into one another and become less 
distinct. Then' concentric rings appear in the middle of 
such a structure, and forms are seen with concentric mark- ` 
ings in their interiors, and still surrounded by the oval 
purple-coloured cells. These likewise lose their identity 
and assist in the formation of a hyaline concentric body, 
which is the consummation aimed at. 

I have gone somewhat fully into the development of 
these mulberry bodies and their further conversion into 
hyaline concentric bodies, because W. F. Robertson writes 
of them as, though they were distinct entities. But such 
: I have shown them not to be. They only represent another 
mode of expression of this hyaline change, which may occur 
under many different forms, and produce a material having 
very various staining reactions. 


' (o Cystic Degeneration of the Choroid Plexus. 


This is & very common condition, being found in a 
large proportion of cases. Indeed, so frequently are cysts 
present, that Faivre,* writing in 1855, described “ choroid 
vesicles” as normal and peculiar to the human subject. 
It is interesting, on the other hand, to note that, as early 
as 1826, Robert Hooper, M.D., figured these cysts of the 
choroid plexus in his “ Morbid Anatomy of the Human 
Brain (being illustrations of the most frequent and im- 
portant organic diseases to which that viscus is liable)." 
Of my sixty-five cases examined, cysts were present ' in 
thirty-seven, while Ogston™ only found EH in 19 per 
cent. of the brains of known drunkards. 

Thé glomus, is pre-eminently the seat of this cystic 
degeneration, and cysts, though occurring, are never found 
to any extent in the other parts of the plexus. These cysts 
may be little larger than & pin’s head, or may reach the 
size of & pea. In some cases they are few in number, in 
others they are very numerous, the whole glomus being 
converted into a cluster of cysts like a bunch of grapes 
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in miniature. I have never seen them so large as a hazel 
nut, as Luschka describes, though the glomus itself may 
attain such dimensions. ‘Cases are on record where cysts 
of the choroid plexüs have reached an enormous size, dis- 
' tending the ventricles, pressing on the surrounding brain, 
and eventually causing death. 37 

The walls of the cysts are thinner in some places ‘and 
thicker in others, but everywhere delicate. They are very 
vascular, and numerous fine vessels may be seen coursing 
over the ‘surface of the little bladders. The walls are 
further remarkable for the presence of a fine white dotting, 
due to concentric bodies embeddod in them, or to small 
aggregations of cells filled with fatty granules. In one case 
8 white patch, about half the size of & split pea, was seen at 
the apex of a cyst. On microscopic examination this was 
found to be composed of large cells filled with fatty granules, 
which were darkened on the addition of osmic acid. 

The cysts have a smooth shining surface, and, as a rule, 
present no villi. As a result of the distortion caused by 
this swelling, vessel loops, attached by small mesenteries, 
are to be seen projecting from the surface of the glomus in ` 
greater numbers than they normally do. 

The tissue of the walls is composed of a connective 
tissue stroma in which run numerous vessels, arterioles, 
venules and capillaries. This connective tissue forms in 
parts quite thick bands, which are produced ‘by the ob- 
literation of the normal spaces between the trabeculae. 
The surface of the cyst, moreover, is very often destitute 
of an epithelial covering. Near the base of such a cyst the 
epithelium may be quite distinct, but as the apex is ap- 
proached the cells become scattered, a bare patch showing 
' up here and there, till finally a portion is reached where 
no epithelial cells can be seen. It is an open question as 
to how far such a condition is brought about artificially, 
and there can be no doubt that, in the handling of the 
tissues after death, the epithelium on the most exposed 


' parts will be very liable to be rubbed off; still, from the 


frequency with which it occurs, I am inclined to the opinion 
„that it is not altogether an “‘ artefact.” 
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. The interior of the cyst is made up of a very open net- ' 
work of connective tissue irabecule, which are lined by 
degenerated and degenerating endothelial cells, scarcely one 
of which presents normal features. The spaces are filled 
with a thin fluid, in which float cells in different degrees 
of degeneration. Concentric bodies are of very frequent 
occurrence throughout the cyst, and may be found packed 
in the meshes over quite. a considerable area. All around 
this looser and more open network, and gradually blending 
with it, is a dense tissue in which there has been very 
extensive proliferation of the endothelial cells lining the 
trabecule, and associated with this usually some thickening 
of the trabecule themselves. The proliferated cells, more- 
over, even in the quite dense portions, usually show early 
degenerative changes. 

In the fluid which fills the cyst the blovas formed 
elements are suspended: (1) endothelial cells with an 
increase in the granularity of their protoplasm, the granules 
stained deeply with eosine, may or may not obscure the 
large oval nucleus; (2) cells showing one or more vacuoles | 
in the protoplasm, with an occasional cell in which the 
nucleus is also vacuolated; (8) large globular cells whose ` 
contents consist almost entirely of a hyaline, perfectly 
homogeneous, and more or less opaque sphere, surrounded 
. by & small circular or sickle-shaped zone of granular 
protoplasm, which contains a nucleus; (4) large homo- 
geneous globules, in which the appearance of a cell 
wall may still be traced, but containing no other formed 
element; (5) still larger homogeneous hyaline spheres 
with no indication of cell membrane; (6) doubly con- 
toured hyaline spheres, the inner sphere probably repre- 
senting the transformed nucleus, the outer being derived 
from the cell protoplasm; (7) free nuclei, or nuclei with 
remnants of cell membrane and even protoplasm attached ; 
(8) irregular masses of hyaline material; (9) extravasated and 
disintegrating blood corpuscles and granular débris derived 
therefrom; (10) hyaline concentric bodies of all sizes. 

The above elements, with the exception of No. 9, arise 
from the endothelial cells lining the trabeculw as the result 
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of a degenerative process, and the following sequence of 
events may be traced. The endothelial cell first of all 
swells up, and the cell plate becomes coarsely granular, pre- 
senting in hematoxylin and eosine preparations numerous 
eosinophile granules. A vacuole now appears, encroaching 
more and more upon the protoplasm, till the granular 
contents of the latter are represented’ only by & circular 
` or sickle-shaped mass at the edge of the cell. A nucleus 
may Or may not be seen, and may appear to float in the 
vacuole, or remain attached to the cell wall embedded in 
the granular protoplasm. Then, very commonly the cell 
membrane ruptures and the contents, are discharged into 
the lymph spaces, while in the fiuid the free nuclei may be 
geen. The cell may, however, not rupture at this stage. 
The nucleus itself may become vacuolated and assist in the 
general distension of the cell, till nothing is seen buf a 
- homogeneous globule with a faint. remnant of cell wall 
and protoplasm. ' In other cases the whole cell presents a 
coafsely granular appearance.. These homogeneous globules 
thus produced may swell up still further till they rival the 
concentric bodies in size, and could the individual stages 
not be traced, one would be inclined to think with 
Alzheimer? that these large hyaline spheres are really 
‘elaborated from the tissue fluids, and not, as I believe, 
actually produced by cell degenerations. These large 
hyaline spheres may rupture, perhaps adding to the fluid 
contents of the cyst. More certainly, however, they run 
together, forming large irregular masses of hyaline material. 

The connective tissue trabecule may become hyper- 
irophied, and very frequently they undergo hyaline de- 
generation. And often owing to the pressure of the 
degenerated cells and fluid, these trabecule become broken 
down and absorbed, leading to the formation of spaces of 
' large size, while, here and there, lying in the midst of 
hyaline spheres, may be seen free portions of the connective 
tissue trabecule. I 

The above are the microscopic appearances to be met 
with in the cysts of the choroid plexus, and as the result of 
my own observations I have arrived at the following conclu- 


sions as to their origin. , 
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Hyaline concentric bodies are very commonly found in 


cysts, likewise the hyaline, spheres, which have been shown 


io take part in the formation of concentric bodies. The 


degenérative process in the endothelial cells of the trabeculee 
in cystic formation is very similar to that which precedes 


the development of concentric bodies. Indeed, so close is ` 


the resemblance that it is very questionable if we ‘aré 
entitled to discriminate between them. Still, to my mind, 
it is quite clear that cells break. down into fluid in, the 
cysts in a way that never occurs apart from them. But 
such’ degeneration of cells alone does not seem sufficient 
to account for the development of these cysts, though there 
is no doubt that the fluid found in thém is in part due 


` to this bursting of the endothelial cells affected with colloid 


or hyaliné degeneration. In all the cysts I had an.oppor- 


tunity of examining the fluid was quite limpid. Colloid 
cysts, with gummy, viscid contents, have, however, been : 


described by, Wallmann * and Hoffmann.” 5 
It seems more than probable that there are two processes 


here at work, a primary proliferation and degeneration of the 


endotheliàl cells, associated frequently with hyaline changes 
in the trabecule, and a secondary condition of cedema added 
thereto. Still, I do not think that Haeckel is accurate in saying 
that this solid structure—prođuced by proliferated cells and 
thickened. trabecula—‘ may become through serous infil- 
tration softer and more watery, and ‘eventually form a 
bladder,” for in my opinion the cyst is formed not in but 
behind this ‘thickened mass. Moreover, he is wrong in 


attributing the cell formations to the connective tissue 


` corpuscles. 


Through the spaces constituting the pis-arachnoid, of 
which the choroid plexus is composed, there must ‘be a 
constant circulation of lymph. This proliferation and de- 


generation of cells in many’ cases completely fills up these : 


spaces, and a serious obstacle to the flow of lymph must 
result. As shown, too, when dealing with the formation of 
concentric bodies, hyaline spheres may travel till they stick 


in these spaces or channels, eventually blocking them up. 


Concentric bodies must; have the same effect, and these are 


T 
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never present in any numbers without: concomitant de- 
velopment of cysts.  'There exist, then, very numerous 
' points of obstruction behind which the lymph "stream is 
constantly pressing. There’ is, in short, an obstructive 
cedema. ‘The spaces, of the pia-arachnoid become more and 
more distended with the lymphatic fluid, and larger spaces 
still are produced by the breaking down or absorption of 
intervening trabecule, while the cyst itself is produced by a. 
number of such spaces lying adjacent to one another. The 
degenerated: cells add to the fluid their quota, and where 
the tendency is for the cells to rupture in the manner 
described, then are the contents of the cyst colloid. In 
other cases, again, where the greater number of the de- 
generated cells goes to the formation, of concentric bodies, 
the cystic fluid tends to be thin and limpid. Finally, such 
a collection of fluid may be shut off from surrounding parts. 
by the occurrence behind the fluid accumulation of the 
same changes which led to the obstruction in front, and 
the frequency with which dense tissue is found all around ` 
the cyst seems to point to such a conclusion. ' 
This is practically 1 in harmony with Ziegler’s idea that 
“the cysts of the pia mater would appear to depend on the 
presence of closed lymph spaces, congenital or acquired, in , 
the pia mater or subarachnoid tissue," and in the case of 
ihe choroid plexus we see very distinctly how such closed 
lymph spaces may be produced. i 
'.So far as I can see, there is nothing in the position 
of these cysts to bear out the view of Luschka and 
Schnopfhagen,™” that “they are due to the dropsical separa- 
tion from one another of the two layers of the pia mater 
which constitute the tela and choroid plexus.” Now and 
then a separation seems to occur, but can always be ex- 
plained by the breaking down of trabecule and the joining 
together of numerous spaces to form a single large cavity. 
.No more can I agree with the opinion of Schrant and 
Forster,*! that ' the epithelial cells become converted into 
large and delicate albuminous cells, which then form colloid 
cysts.” Thereis a constant change going on in the epithelial 
cells, and they normally undergo a process of vacuolation 


H Li 
i 


186° ORIGINAL ARTIOLES AND OLINIOAL OASES 


and aiota. to form the choroid plexus secretion. With 
such factors at work one would expect.a priori to find ` 
frequent. examples of retention cysts. Appearances sug- 
gesting such are frequently seen both in man and the lower 
animals. But they never attain any size, and instead of 
actual retention cysts we may be seeing only the lower parts 
of the tubular depressions found between the villi, in the 
depths of which tubes secretion, though not actually held 
back, would be apt to d 


(d) Thickening of the Trabeoule, with Proliferation and 
Degeneration of the Endothelial Cells. 


I have described, first of all, the degenerations of the 
choroid plexuses leading to the formation-of hyaline con- 
. centric bodies and cysts, as these are the most remarkable, 
but the endothelial cells and trabecule proliferate and 
degenerate to other ends. 

“ A milky and opaque condition of the pia-arachnoid i is 
very common in the insane. In the majority of cases it is a 
well-developed state, and its absence is quite exceptional.” 
(Robertson.) 

Similar conditions are found in the choroid plexus, and 
are likewise very common. These changes are always more 
marked in the glomus, where the trabecular arrangement is 
on a larger scale and unequivocal. . l 

. Hyperplasia and Hyaline Degeneration of the Fibrous 
: Tissue Trabecula.—The fibrous tissue trabeculae undergo 
'a slow hyperplasia, and are found in all conditions. ` In 
some cases the thickening is slight, the fibres being little 
more than swollen. In others, again, there is a distinct 
connective tissue. overgrowth, and localised areas of dense 
fibrous tissue are produced, in which the normal pia- 
arachnoid spaces are obliterated or merely represented by 
endothelial cells. Thése altered and new formed fibres are 
very prone to undergo hyaline degeneration, and much 
thickened ‘strands staining very brightly with eosine, and 
even large hyaline masses, may thus result. 

Osteoid, Plates.—On three occasions I found small osteoid 
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plaques, distinctly laminated, and penetrated by well marked 
Haversian canals carrying blood vessels and numerous cells. 
In none of them was there any deposition of calcareous 
salts. 

Hyaline Degeneration of the Connective Tissue in the 
Smaller Villi.—Before leaving the connective tissue altera- 
tions it will be convenient to describe hyaline degeneration 
of this structure in the smaller villi. Here, as already 
mentioned, the connective- tissue is represented by a homo- 
geneous matrix with very few cells: no.trabecule or spaces 
can be made out. Now and then the tissue is fibrillated, 
while very occasionally distinct connective tissue fibres are 
Seen, 

Hyaline degeneration frequently occurs in this homo- 
geneous connective tissue. The substance between the 
epithelium and the capillary loop swells’ up, acquires a 
more dense appearance, and stains very deeply with eosine. 
This,increase of tissue finds room for itself by encroaching 
on thé lumen of the capillary, which may eventually become 
obliterated altogether, leaving no trace behind it. Very 
often associated with this condition ‘is a similar change in 
the capillary itself; and obstruction of the little vessel may 
really be brought about by a process of thrombosis. But 

‘goon this appearance of thrombus is lost, the clot becomes 
converted into hyaline material, and may even take part 
_in the formation of a concentric body. When the villus 
becomes throughout hyaline and is robbed of its blood 
supply, the epithelium is almost invariably found shed. . 
This desquamation, moreover, may occur while the capillary 
loop is still present, the.intervening hyaline mass cutting 
off the source of nourishment from the epithelium. Villi 
_ over large tracts are found bared of their epithelium, and 
though at first enlarged, they eventually. become much 
shrunken and distorted. This is a very common condition 
in senile insanity, and I would make the suggestion that, 
when, spread over a large area, it may. account, for the 
atrophy of this organ so frequently seen in these cases. 
Proliferation of the Endothelial Cells.—Associated with 
this change in the ‘fibres there is proliferation—and degen- 
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eration—of the endothelial cells. When the thickening 
of the connective tissue, trabecule is extreme, the changes 
in the endothelial - cells are slight, or may be entirely 
absent. The endothelium is very commonly found shed 
in cases where the connective tissue fibres are thickened 
. and the arrangement of spaces maintained. The prolife- 
rated cells frequently form dense masses in the spaces of 
the choroid plexus.. This is not a round-cell infiltration, 
but is caused directly by a multiplication of the endothelial - 
cells lining the trabeculw. These endothelial cells may 
rarely be seen in actual process of division, ‘and though 
often the nuclei in these cellular collections are rounder 
and smaller than those of the ordinary endothelial cells, 
it can be made out that in the main they resemble the 
endothelial type. 

In connection with this condition occurring in the 
arachnoid in certain’ mental disorders Ziegler states that 
it is still doubtful whether these “milky thickenings ” are 
always of inflammatory origin. ‘They are histologically 
due to -fibrous thickening, endothelial hyperplasia, or more 
rarely to cellular infiltration.” In the pia mater itself, 
he holds that these changes, in their later stages at least, ` 
are unmistakably inflammatory and accompanied by accu- 
mulations of leucocytes, especially around the vessels. 

W. F. Robertson,* on the other hand, is very definite 
as to these aggregations being composed of endothelial 
cells entirely, and is.of opinion that areas of small round- 
cell infiltration upon the vessel walls or elsewhere seldom 
occur. “It is only," he adds, “in advanced, general 
paralysis, in syphilitic insanity, and in the very rare and 
‘still obscure condition known as purulent infiltration of 
the pia-arachnoid, that such, an aggregation of round cells 
is added to the other appearances.’ 

I cannot but favour the view of these be of cells 
being endothelial in character, and though two syphilitic 
and seven general paralytic cases were examined, only in. 
‘one of the latter was I able to detect round cells upon’ the 
vessel walls and in the midst of the endothelial proliferations. 

Degenerative Changes in Endothelial Cells.—These pro- 
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liferated endothelial cells by and by undergo degenerative 
changes, and these same changes’ may be observed without 
any previous cell multiplication. 
_ `> (a) A very common degenerative process consists in the 
endothelial cells simply breaking down into granular débris, 
and spaces are frequently seen crammed with such material. 
(b) Fatty changes are likewise often observed, and may 
be present over considerable areas. This condition is shown. 
by the presence in the cell plate of numerous bright and 
highly refractive little globules or granules, which are dark- 
` ened by osmic acid. Sometimes a nucleus can be distin- 
guished amidst these fatty granules, in other cases it is 
‘impossible to do so. Cells thus affected may attain very 
considerable dimensions, a' diameter of ‘025 mm. not being 
, at all uncommon. 

Haeckel describes this as not a rare dudo *' espe- 
cially in association with the proliferating cystoid meta- 
morphosis and hypertrophy of the connective tissue.” 

I am of the like mind, but feel convinced that he is 
wrong in saying that this fatty change occurs in the con- 
nective tissue corpuscles. , 

W. F. Robertson* and Adler have ee the opinion 
that-fatty changes' do not take place to any great extent in 
this milky condition of the pia-arachnoid, but an opposite 

' opinion is held by Ziegler. 

Whatever may be the actual state of matters in the 
pia-arachnoid, I feel assured that these conditions met with 
in the choroid plexuses, and fairly comparable to the milky 

` opacities of the pia-arachnoid, are associated with distinct 
fatty changes i in the endothelial. cells, often of a widespread 
character. 

(c) Only on one occasion have I seen an example of what 
W. F, Robertson?* calls “vitreous, degeneration.” This 
author has described the condition as affecting the endothe- 
lium on the surface of the dura and lining the perivascular 
canals of its substance. ‘‘ This retrograde' change," he adds, 
“ though common and important in the dura mater, is some- 
what rare in the pia-arachnoid.” i 

In the early stages there may be vacuolation of the cell 
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plate, but the change is essentially in the nucleus, which 
swells up and becomes vacuolated. These vacuoles, at first 
small and few, gradually increase in size and number, and 
run together, converting the nucleus into & collection of 
irregular cavities, staining faintly with hematoxylin. These 
vacuoles are, to begin with, separated by thin strands of 
granular protoplasm, staining more deeply with hamatoxylin. 
Eventually, however, even these filaments disappear, and a 
' large distorted form results, of a homogeneous glassy appear- 
ance, and staining very faintly with hematoxylin. This 
vitreous degeneration is altogether different from the hyaline 
change which occurs in these same cells. In the first place, 
it is principally nuclear, and, secondly, the homogeneous 
substance produced does not stain with eosine. It is, 
moreover, not a fatty condition, as osmic acid causes no 
blackening of the vacuoles or the completed homogeneous 
mass. 

(d),Pigmentary degeneration of the endothelial cells is 
by no means a rare condition. It consists in an infiltration 
of the cell plate by numerous little globules of a bright 
yellow colour. The pigment, at first small in quantity, is 


gradually added to until no unaltered protoplasm remains, ` ` 


and in this way a very considerable increase in the size of 
the cell may result. This is undoubtedly a morbid change, 
as evidenced by the fact that almost every cell in a consider- 
able area may be pigmented. Normally cells with pigment 
do exist, but they are always few in number and far between. 
It is, however, highly probable, as Robertson‘ suggests for 
this: degenerative process.in the pia-arachnoid, that “at the 
same time it is a change that may have a physiological 
basis in the normal pigment cells, just as in pigmentary 
degeneration of nerve cells the granules that replace the 
protoplasm are merely an increase in a normal element.” 

Foreign Elements in the Spacés of the Choroid Plexus.— 
Before passing on to & consideration of the changes in the 
vessels, it will be convenient to describe here some foreign 
- elements commonly found in the spaces of the choroid 
plexus. . , 

(a) Red blood corpuscles and granular débris resulting 
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from their disintegration are frequently found. The occur- 
rence of the former is, I feel sure, not altogether unartificial, 

for extravasated blood cells are more frequently met with 
‘in preparations which were frozen in dextrine and cut than 
in those firmly embedded in celloidin. 

(b) Hesmatoidin granules are often present, especially in 
cases of senile insanity. They are always discovered around 
vessels, in the spaces just beyond the adventitia. The 
arteriole surrounded by them may be thickened or even 
occluded, and their occurrence must indicate a rupture near 
at hand in the course of the vessel. This pigment is of a 
dark coppery or old-góld colour, and, moreover, is almost 
never diffuse, but usually is found in little heaps ens 

aggregations. 
: I cannot help thinking that Gene two conditions, viz., 
pigmentary degeneration of the endothelial cells and the 
occurrence of hwmatoidin granules, are closely related to one 
another. They are frequently associated, and while pig- 
mentary degeneration may occur in the other insanities, 
it is specially common in that known às senile. 

The endothelial cells throughout the body are remark- 
able for their active phagocytic properties, and on several 


`- occasions they were observed playing such a rôle in the 


spaces around a vessel. Asa rule the hsematoidin granules - 
are darker in colour than the pigment found in the interior 
of degenerated cells. But to this rule there are numerous 
exceptions, and in many cases it is difficult to say whether 
we are dealing with hsematoidin granules or cell pigment. 
From these facts, then, I think we are warranted in con- 
oluding that, in senile insanity at least, a great part of the 
apparent pigmentary degeneration is due to the endothelial 
cells having englobed these hmmatoidin granules, and in 
some cases further altered them. That the two pigments 
are identical with, or closely related to, one another and the 
blood pigment itself, receives confirmation from photography. 
` Blood offers considerable resistance to the actinic rays, and 
in the photographie negative is represented by thin, clear 
areas. The same -occurs when hematoidin granules or 
pigmented cells are photographed. 
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(e) Hyaline-fibroid Change in the Vessels. 


This ‘pathological alteration may be found in all the 
-vessels—arteries, capillaries, and veins, but seems to affect 
mainly the two former. Of the arteries, the smaller ones 
and the arterioles show this degeneration to the greatest 
extent. The adventitia alone, or the intima and media 
together, may be affected, but by far the most common con- 
dition is to find the whole three coats involved. 

Hyaline Degeneration of the Adventitia.—This consists 
in a homogeneous thickening of the longitudinally running 
fibrous tissue. The swelling may be slight or consider- 
able, stains a faint pink with eosine, and as a rule is devoid 
of granularity. In the smallest arterioles, with only one 

. layer of muscular cells, aid in which the adventitia in the 
normal condition is made out with difficulty and appears as. 
little more than a fine line, the diseased adventitia may 
form & swelling two or three times the thickness of the 

' original wall. Where two arterioles with thickened adven- 
iiti lie alongside one another, it may still be possible to. 
make out the presence of a lymph space between them 
lined with elongated endothelial cells. In other cases, how- 
ever, where the swelling has been more considerable, this 
space becomes quite obliterated by the blending of the two, 
&dventitie, while here and there an elongated cell shows 
up to indicate where a channel or sinus has been. This 
thickening is often irregular, and frequently leads to con- 
siderable distortions of the vessels. When the hyaline 
swelling is regular there is very little alteration in the 
calibre ‘of the vessel, but irregular and nodular swellings 
invariably lead to serious narrowing of the vessel tubes. 
The adventitia never becomes much thickeried without the 
muscular coat showing similar degenerative changes. 

Hyaline Degeneration of the Muscular Coat.—The mus- 
cular coat,.as a rule, is only involved secondarily to a 

. hyaline degeneration of the intima, the explanation of , this 
being that the media derives its nourishment from. the 
interior of the vessel, and not from without as in the case 
of the adventitia. This sequence of events may be traced 
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very frequently, though now and then the media appears to 

‘degenerate without any previous hyaline thickening of the 
intima. In such cases, however, it is frequently found that, 
in the: ‘adjoining parts. of the same vessel or in neighbouring 
vessels, the intima is thickened and hyaline. Probably in 
all cases of hyaline degeneration of the media, there is first 
of alla similar change in the intima. In cases where such 
a change cannot be demonstrated, we are warranted in 
assuming the presence of a chemical alteration in the con- 
stitution of the connective tissue fibres. Such chemical 
change in all probability precedes the more evident struc- 
tural one, and this is all that is required to interfere with 
the normal process of osmosis. A chemical barrier of 
hyaline structure is interposed between the media and its 
nutritive supply, and thus is brought about a starvation of 
the muscular fibres leading to a subsequent degeneration. 

The degeneration consists, firstly, in a swelling up of the 

muscular fibres, and in eosine and hematoxylin prepara- 
tions the nucleus is well stained and is surrounded by clear 
protoplasm: with no affinity for eosine. Then the nucleus 
gradually loses its tendency to stain deeply with hamatoxy- 
lin, while the muscular protoplasm .shows an increased 
affinity for eosine. Frequently, instead of this homogeneous 
layer, a finely granular appearance is produced from the 
presence of numerous éosinophile granules in thé muscle 
cell-plates, and this may occur before total disappearance of 
the nucleus. In osmic acid preparations, it is found that 
some of these granules are of a fatty nature, for they become 
distinctly darkened by this reagent. 

Hyaline Degenération of the Intima.—'The intima 
appears normally in the arterioles, when cut longitudinally, 
as & thin band of tissue covered by endothelium, between 
the lumen of the vessel and the muscular layer; while close 
to the latter can be made out, even in the smallest arterioles, 
a, delicate elastic lamina. . 

The intima rarely becomes so much thickened as the 
adventitia. Such thickening, when it occurs, consists of a 
homogeneous hyaline mass, which is very irregular on its 
external surface, dipping down into the degenerated muscu- 
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lar layer, and pushing the elastic lamina before it. In no 
case, so far as I have seen, does the elastic lamina itself 
undergo this hyaline change. When present, it continues 
to separate the intima from the media, dippihg down into 
the latter, and forming in it numerous loops in order to 
fulfil its purpose. -Wherever the elastic lamina projects into 
the media, no muscle cells can be seen, though between the 
loops the muscle may retain its affinity for nuclear stain, 
and therefore its vitality. Into places where the muscle 
appears healthy, the elastic lamina and thickened intima 
have made no inroads. Therefore it may be assumed that 
the presence of points of diminished resistance has some- 
thing to do with the excursions of the elastic layer. 

In the intima this hyaline tissue may be invaded by 
cells and be converted into fibrous tissue, so as to present 
all the appearances of an endarteritis obliterans. In some 
cases the cellular infiltration is very abundant, while in 
others, again, remarkably few cells are seen, only an odd 
one here and there showing up between the thick fibrous 
tissue fibres. When the hyaline material has been replaced 
by new-formed fibrous tissue, the arterioles show a narrowed 
and irregular lumen. This narrowing and distortion in 
some cases is extreme, and actual occlusion may be brought 
about. The latter condition is, however, sometimes due to 
thrombosis occurring in the altered vessel, and the throm- 
bus itself eventually acquires a homogeneous hyaline ap- 
pearance. Lining the wall of such an endarteritic vessel, a 
single layer of endothelial cells is found next the lumen, and_ 
between this and a more or less degenerated muscular coat 
is a certain amount of fibrous tissue, with round, oval, or 
spindle cells between the fibres. The endothelium is fre- 
quently raised up from the thickened intima, leaving a 
space which contains no formed elements. Such a sepa- 
ration may also occur between a thickened intima and 
degenerated muscular coat, and likewise between a diseased 
media and adventitia. W. F. Robertson" thinks that these 
spaces are not altogether artificial, though perhaps exag- 
 gerated by bichromate hardening. They are filled with a 
clear fluid in which Robertson has occasionally seen a few 
leucocytes. 
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Mixed up with this fibrous tissue, especially when. the 
thickening of the intima is considerable, may be seen elastic 
fibres or bundles. In transverse or longitudinal sections 
it is possible to make out two, three, or more elastic lamins, 
separated ‘by fibrous tissue and cells. In other cases it 
looks almost as though the entire thickening was due to 
a hypertrophy of the elastic lamina, with only a few cellular 
elements separating the different layers. The wavy course 
of the elastic lamina becomes still more wavy and, so far as 
I can see, shows no tendency to become straightened out, 
as Carl V. Rad ® has found it in syphilitic endarteritis. It 
is ‘often possible to make out that the different layers of 
elastic tissue become continuous with one another, forming 
eventually, mayhap only, at one spot, the single normal 
elastic lamina. The secondary lamins present the same 
exaggerated sinuosity of the original one, but are thinner, 
though by no means invariably so. 

The elastic lamina is described by Schafer as formed of 
elastic tissue, which occurs in longitudinal networks of 
fibres, consisting of one or more layers of different degrees 
of closeness. Under normal conditions, in any of the 
arteries in the choroid plexus, the elastic lamina appears 
as if composed of a single layer of elastic tissue; this layer 
varying in thickness with that of the artery. Still, it may 
be possible that, even here, the elastic lamina is made up of 
two or three layers, though such cannot be demonstrated. 

That the extra elastic lamins; owe their origin to a bursting ` 
` asunder: of these layers by new-formed tissue, as held by 
Carl V. Rad and Rumpf,9 seems not at all unlikely. Thus, 
two elastic lamine are explained by the division of the 
primary layer, and three by a further division of the secon- 
dary lamina, and so on. But it seems to me that the process, 
though perhaps in part, is not altogether a mechanical one, 
for there is no doubt that in many cases the elastic lamina 
is very distinctly hypertrophied. It becomes thickened and 
lengthened, so that its normal sinuosity is much increased. 
This great sinuosity, moreover, is not produced after death, 
' for there is no associated distortion of the intima or endo- 
thelium. If the elastic lamina did not play an active róle, 
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the fhickened intima would tend to obliterate the normal 
winding, making it in parts quite straight, as Carl V. Rad 
describes in the basilar arteries of the brain. Such, how- 
ever, is not the case as found in the smaller vessels of the 
choroid plexus. Moreover, this view of Rumpf and Carl V. 
Rad does not explain the fact that in some cases the new- 
formed elastic lamina lies immediately under the endo- 
thelium. l 
In reference to this condition Heubner™. advances quite 
a different explanation: ‘‘when the endothelium is no 
longer caused to proliferate cells from syphilitic irritation, 
its normal function begins, which it possessed at the time 
when the artery became thickened; it forms a fenestrated 
membrane over the new-formed tissue, as it formed the 
same in young organisms over the muscular layer.” This 
further explanation of Heubner has more’lately been sup- 
ported by Lówenfeld, and appears to me to be in accordance 
with the facts. Frequently, as already mentioned, a layer 
of elastic tissué may be seen immediately under the en- 
dothelium, and separated a considerable distance by new- 
‘formed tissue from the original elastic lamina. “Moreover, 
though sometimes the continuity of this superficial layer 
with the deeper one can be made out, in other cases no such 
connection can be traced. The only way to account for 
its presence, then, is to assume, as Heubner does, that the 
endothelial cells may again become possessed of that power 
of forming elastic tissue which they had in the embryo. 
Though Hetbner is only writing of syphilitic disease of the 
vessels, there is no reason why we should not apply, his 
arguments to the vessel change under consideration, more 
especially in the light of the opinion expressed by him in 
this same work, that “there are no certain histological 
criteria for deciding on the presence of syphilis.” , The . 
‘above views of Heubner and Carl V. Rad, while explaining 
the increase of the elastic tissue in some, do not do so in 
all cases. There occurs now and'then a very distinct 
hypertrophy of the fenestrated membrane with little or no 
proliferation of the endothelial cells, and Léwenfeld describes 
one such case. From a consideration of these facts, then, 
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I am forced to the conclusion that there must be some . 
inherent vitality in the elastic lamina itself, and that under 
‘certain circumstances it is capable of proliferation and 
growth. At the same time this hypertrophy of the elastic 
lamina is not invariably associated with the hyaline-fibroid 
' change. The fenestrated membrane may be broken through 
in parts or even be absent altogether. 

` Dilatations and Aneurisms of the Arterioles.—Narrow- 
ing and even occlusion of an artery or arteriole, as shown 
already, may be,brought about by the. hyaline change itself 
or by the subsequent reparative processes added thereto. 
But this is not the only alteration that may result. Saccu- 
lations and dilatations of the vessels, and even miliary 
aneurisms may occur; and, without doubt, are closely 
related to and dependent on hyaline degeneration in the 
vessel coats. This condition of dilatation has been called 
by Léwenfeld “ die Rosenkranzform des Muscularisrohres,” 
from the resemblance of the affected vessel to a rosary, and 
is found. chiefly in the smaller arterioles. In such an 
arteriole there is throughout a mild degree of degeneration 
and hyaline thickening of the intima, and this, though slight, 
is sufficient to interfere with the nutrition of the muscular 
layer, as shown by the loss of nuclear staining and the 
presence of’ eosinophile granules in the muscle protoplasm. 
\ Where this degeneration of the media is most marked the 
vessel yields to the pressure of the blood, leading to the 
formation of a little fusiform dilatation, and the presence 
of ‘several of these dilatations gives the appearance of a 
rosary. Moreover, in "those places where sacculation has 
occurred, it may be seen that: the thickening of the adventitia 
—almost invariably hyaline—is less marked, while at the 
points where the vessel presents a normal or narrowed 
calibre this thickening is more extreme. In other cases a 
nodular swelling of the adventitia may produce a localised 
fusiform thickening of the vessel, and such may be mistaken 
for a dilatation or an aneurism. But with this condition 
there is no increase in the size of the lumen; in fact, a 
narrowing as & rule occurs. . These are evidently what 
Kromayer. has described as “‘ pseudo-aneurisms.” 
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On reviewing the pathological’ appearances of this 
hyaline-fibroid change, we may conclude that the greater 
the amount of hyaline material formed in the intima, the 
greater is the degeneration of the muscular coat, and the 
liability to dilatation. On- the other hand, however, the 
facts show that the liability to dilatation is not in direct 
ratio to the hyaline thickening. Such hyaline material may 
become so thick and dense—this result may be attained by 
the transformation of the hyaline into fibrous tissne—as 
to compensate for the loss of the muscular coat, and prevent 
the occurrence of dilatation. This thickening, when carried 
beyond a certain point, leads to narrowing and even 
occlusion of the vessels; in’ other cases, again, pseudo- 
aneurisms are formed. A ‘very large proportion of the 
cases examined showed evidence of chronic Bright’s 
disease, and the increased blood pressure in this condition 
must have been an important factor in the Ee oF 
dilatations. 

While the small fusiform sacculation is the a of dila- 
tation more commonly present, distinct miliary aneurisms, 
similar to those met with in the meninges, are found. In 
the meninges this condition most frequently exists in senile 
cases, and was found present by W. F. Robertson in five 
out of twenty-five such cases examined. I only, however, 
came across about half that number in the choroid plexus. 

These aneurisms usually occur in the small arterioles 
with only a single layer of muscular cells, and are micro- 
scopic in size.. The greater part of the aneurismal wall is 
composed of & dense layer of fibrous tissue, which is con- 
tinuous with the hyaline media and thickened intima of the 
arteriole entering and leaving it. Scattered through this 
thick fibrous tissue are a few cells round and spindle- 
shaped, but nothing is seen to suggest the presence of 
muscular tissue. The inner surface of the sac is lined by 
a layer of endothelium. The ''Rosenkranzform " dilata- 
tion must be considered as a step in the formation of a 
miliary aneurism, and rosary like arterioles are always 
present when an aneurism is found. Following on this 
the development of such an aneurism must have been 
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gradual, allowing sufficient time for & reparative process 


to take place in its wall. This would be brought about, 
first of all, by the proliferated endothelial cells invading 
the hyaline mass, till a condition of endarteritis would 
be produced. But the growth of the aneurism would 
not bé arrested here. So long as the tissue was incom- 
‘pletely formed dilatation would go on, and would only 
cease with the complete conversion of the granulation 


into fibrous tissue, These miliary aneurisms are true 


, aneurisms, and not merely, as Eppinger 3 holds, examples 
of ectasis or dilatation in wien all the coats of the vessel 
are present, 

_ Charcot and Bouchard 9 say that “ gatis aneurisms are 
the result of a diffuse periarteritis, the first stage of which 
is characterised by & multiplication of nuclei in the outer 
coat of the vessel. This inflammatory condition causes 
atrophy of the muscular layer, and so renders the vessel 
wall liable to yield to the blood pressure. In the later 
stages the excess of nuclei disappear, and the vessel becomes 
thickened and fibrous. It is in the early stage alone that it 
tends to dilate.” 

Robertson and Léwenfeld are of opinion that this view 
of, Charcot and Bouchard cannot be. borne out. No more 
can I agree with it, for around the “ rosary form” of artery 
—undoubtedly the precursor of the miliary aneurism—there 
is always a complete absence of periarteritis. 

So far as my experience goes, vascularisation of either 
the hyaline or fibrous thickenings does not occur to any 
extent. Newly, formed capillaries are not infrequently 
found in the thickened adventitia, but never have I seen 
new-formed vessels in the thickened intima of the arteries 
and arterioles found in the choroid plexus. 

` Such narrowing and obstruction of vessels always lead 
to the compensatory formation of new vessels or capillaries, 
and such in all probability exist here. But on this point 
one cannot dogmatise, for the vessels of the plexus are 
everywhere very numerous, and unless in the villi, present 
no regular sort of arrangement. Thus aberrations from the 


` normal type could not easily be detected, and, moreover, 
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there is nothing in the minute structure to distinguish the 

‘original capillaries from those more newly formed. 
Hemorrhages are occasionally found, and more fre- 

quently hematoidin granules. The former are never 


considerable and occur in cases presenting well marked 


hyaline changes. These are the cases, besides, in which 


new-formation of vessels would be most likely to occur, and 


in all probability a rapture of one of these accounts in many: 


instances for the hesmorrhage. 


Hyaline Degeneration of Veins and Capillaries —This  : 


hyaline change may also attack the veins. Their fibrous 
tissue walls become swollen up and eventually replaced 
by a layer of hyaline material. This is frequently asso- 
ciated with a well-marked hyaline degeneration of the 
connective tissue fibres in the neighbourhood of the vein. 
The thickening is never very extensive, but the spaces so 
frequently seen in ‘their walls become obliterated. More 
. serious are the results of this condition when the venules 
and capillaries are affected. Oeller” describes a preliminary 
proliferation of the endothelial cells -subsequent to which 
the hyaline thickening occurs. Whether such is really 


the case I cannot say, but there is no doubt that an. 


increase of the endothelial cells is frequently found along 
with the hyaline thickening; and these two conditions 
very often lead to obliteration of the venules and capillaries- 
Probably in some cases, though by no means in the 
majority, this obliteration is actually brought about by 
thrombi forming in the altered vessel, these thrombi after 
. & time likewise assuming a hyaline appearance. Later 
on the hyaline cords may lose their homogeneous character 
and become distinctly fibrillated. Dilatation of hyaline 
capillaries is said by W. D Robertson to occur very rarely, 
and such I have seen on only a very few occasions. 
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EXPLANATION OF PHOTO-MIOROGRAPHS. 


, Fia. 1. 


Central part of glomus. (x 26). From a case of puerperal insanity. In 
the centre is shown the normal arrangement of large end distinct spaces, 
analogous to the ‘ subarachnoid spaces,” or “arachnoid cisterns.” Nume- 
rous blood.vessels and concentrio bodies are also present, 


Fie. 9. 


Glomus. (x 26). From a case of alcoholic insanity. Here is seen the 
normal proportion of blood-vessels, The walls of the arteries are thickened 
from hyaline degeneration. Observe how the fibrous tissue of the walls of 
the veins very quickly merges into the surrounding spongy tissue, in some 
cases the trabecular spaces coming quite close to the intima. 


Fra, 8. 


Irregular forms of hyaline concentric bodies, produced by the coalescence 
of several spheres, (x 190). From a case of puerperal insanity. 
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Fia. 4, 
Development of a hyaline concentric body from a venule, (x 240). From 


~ a case of general paralysis. In centre of photo is seen a venule, the wall of 


which is enormously thickened from hyaline degeneration. The hyaline 
circle shows concentric markings, and the interior is packed with proliferated 
endothelial cells, likewise in & condition of hyaline degeneration, 


Fia. 5. 


Portion of o cyst of the choroid plexus. (x 140). From sa case of general 
paralysis. To the left are seon tho greatly dilated spaces of the pia-arachnoid, 
lined by degenerated and degenerating endothelial cells, A few degenerated ' 
cells are floating in the fluid distending these spaces, and some of the 
connective tissue trabecule show the hyaline change. To the right of this 
open network, and gradually blending with it, is a dense tissue in which 
there has been very extensive proliferation of the endothelial cells lining the 
trabecule. - 


Fra. 6. 


Transverse section of a hyaline arteriole. (x 240). From a case of senile 
insanity. The intima is greatly thickened, and amidst the fibrous tissue 
may be seen several layers of wavy elastic lamin, 
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Central part of glomus, 


Insanity. (x 20.) 


Glomus showing usual distribution of veins. 


Dro 1. 


Fig. 2 


a, Veins; b, Arteries; c, Open trabecular arrangement ; 


centric bodies. 


To illustrate Dr. Finpuay’s Paper. 


showing large and distinct spaces. Puerperal 





Alcoholic Insanity. (x 26.) 


d, Hyaline con- 














Fig. 3. 
Irregular forms of hyaline concentric bodies. Puerperal Insanity. (x 120.) 








Pro 4. 
Development of hyaline concentric bodies. Wall of venule enormously 
thickened from hyaline degeneration, proliferation of the endothelial cells, 
General Paralysis. (x 240.) 


To illustrate Dr. Fixpray's Paper. 














Fic. 5, 
Cyst of choroid plexus, 





Pro 6. 


Section of arteriole, showing several layers of elastic lamine. 
To illustrate Dr. Fisprav's Paper. 
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NORMAL AND PATHOLOGICAL HISTOLOGY 
OF THE NERVE-CELL. 


BY W. FORD ROBERTSON, M.D., 
Pathologist to the Scothsh Asylums. 


INTRODUCTORY note. Recent advances in histological technique (p. 204). 


I. Normal structure of ihe nerve-cell. 

(1) Terminology (p. 207). 

(2) Nissl-bodies, or chromophile elements of the cytoplasm (p. 210). 

(8) Achromatic or achromophile part of the cytoplasm (p. 219). 

(4) Centrosome and sphere of Lenhossák, Vortices of Levi (p. 229). 

(5) Physiological pigment (p. 282). 

(6) Golgi's pericellular reticulum (p. 288). 

(T) Golgi's endocellular reticulum (p. 235). 

(8) Nuoleus and nucleolus (p. 288). 

(9) Mode of connection of nerve-cells (p. 248). 

(10) Morphological classification (p. 247). 

(11) Structural changes accompanying modifications of functional state 
(p. 249). ' 

(12) Physiological regressive changes (p. 255). 

(18) Structural features of the nerve-cells of different parts of the 
nervous system (p. 257). 


Il. Ewperimental pathology of the nerve-cell, 
(1) Changes following section of the prolongations (p. 259), 
(2) Ohanges produced by various poisons (including bacterial toxines) 
(p. 271). . 
(8) Changes produced by other experimental lesions (p. 279). 
(4) The proliferative capacity of the narve-cell (p. 285). 
(5) Post-mortem changes in nerve cells (p. 287). 


III. Types of morbid change affecting the ex ve-cell. 
(1) Ohromatolysis (p. 289). 
(2) Achromatolysis or plasmolysis (p. 291). 
(8) Coagulation of the achromatic substance (p. 292). 
(4) Intense colourability of the achromatic substance (p. 292). 
(5) Varicose atrophy (p. 292). 
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(6) Varicose hypertrophy (p. 297). 

(7) Pigmentary or yellow-globular degeneration E 298). 
(8) Vacuolation (p, 800). 

(9) Fatty deganeration (p. 801). 

(10) Displacement of the nucleus (p. 801). 

(11) Homogeneous degeneration of the nucleus (p. 802). 
(12) Invasion by bacteria (p. 902). 

(18) Loss of nerve-oells (p. 802), 

(14) Developmental arrest (p. 303). 
(15) Other types of change described (p. EI 


IV. Addendum upon physiological and pathological deductions. 


Tus purpose of this digest is to present a systematic 
account of the more important observations that have been 
made during the last five years upon the normal structure 
of the nerve-cell and upon the morbid changes to which it 
is subject. Our knowledge of the normal histology and 
physiology of the neuron as it stood in 1893 was summarised | 
by Professor Schafer (471) in his presidential address to the 
Neurological Society delivered in that year and afterwards 
printed in this journal In the same year, Aldren 
Turner (490) and Tanzi (499) published critical digests 
which dealt with the facts and inductions derived from the 
study of the nervous system with the aid of Golgi’s method. 
These ‘papers. related mainly to the external form of the 
normal nerve-cell, the course of its ramifications, and its 
anatomical and physiological relations to other nerve-cells. 
‘Since that time, the advances that have been made in our 
knowledge respecting these points are by no means great. 
On the other hand, the essentially different subject to which 
I limit the present digest—the internal structure of the 
nerve-cell and its alterations in morbid conditions—is one in 
regard to which there has been an activity of research and 
& rapidity of progress, probably unparalleled in the whole 
history of neurological science. As yet the great mass of 
the observations that have been made are recorded only in 
papers in the various medical journals, and it will therefore 
probably be generally conceded that there is need at the 
present time for some such systematic epitome of them as 
it is here endeavoured to give. It should be stated, how- 
ever, that the work that has been done has twice been the 
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gefor of critical review on the Continent, viz., as 
Lugaro (242) in 1896:and by Marinesco (814) in 1897. 

In so far as has been practicable, I have studied the 
original paper to which reference is made. When this has 
* been inaccessible to me—and it has rarely been so except in 
the case of some papers of secondary importance—I have 
conténted myself with the perusal of the abstracts in such 
journals as the Rivista di Patologia Nervosa e Mentale, 
Neurologisches Centralblatt and Revue N eurologique. Owing 
to the very large number of papers requiring notice, it has 
been impossible to give the title of all of them in the 
bibliography, but it is trusted that the reference in the text 
will in every instance be sufficient to indicate the subject. 
I have endeavoured to supply a complete review of the work 
recorded from 1894 to 1898, but I can scarcely hope that I 
have not omitted to notice some observations of importance. 
A practically complete , classified list of the neurological 
papers published since 1895 will be found in thé very useful 
Bibliographischer Semesterbericht, which is now being 
issuéd by Dr. G. Buschan (Fischer, Jena). ‘ 

In the succeeding pages it will be necessary from time 
to time to make mention of the histological technique em- 
ployed by the various observers. It will, therefore, probably 
conduce to clearness if at the outset I give a brief.general 
account of this subject in its relation to the study of the 
. nerve-cell. Most of the methods now in use will be found 
described in detail in the recent text-books upon histological 
technique, such as those of Bolles Lee and Pollack. With 
regard to the fixation of nervous tissues in’ which it is 
intended to study the nerve-cells, the great weight of 
authoritative opinion is at present undoubtedly in favour of 
the use of corrosive sublimate after Heidenhain’s method 
(G. Mann (381), Lugaro, Giuseppe Levi, Lenhossék, Dotto e 
Pusateri). There are still many, however, who continue to 
"use 96 per cent. alcohol, as originally advocated by Nissl. 
. Another fixing agent that has lately come to,be very, largely 
_ used in the neurological laboratory 1 is formaldehyde, which 
is sold as a 40 per cent. solution in water under the name. of 
formalin. The original methylene blue'staining method of 
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Nissl (858-362), to the introduction of which is largely due 
the impetus that has been given to the study of the nerve- 
cell, has been extensively used by many observers: Tt has, 
however, been essentially modified in the hands of some of 
the best authorities on nerve-cell histology, although still 
commonly referred to by them as ‘ Nissl’s method.” Nissl ` 
proscribed paraffin embedding. Such high authorities as, 
Lugaro, van Gehuchten, Marinesco and Giuseppe Levi, as 
well as numerous others, have, however, constantly em- 
ployed it in their work. ‘Those who have in this respect lj r 
` departed from, the technique advocated by Nisal have also as 

&- rule substituted another stain for the methylene blue 
patent B, those most in favour being toluidin blue and 
thionine. Numerous other staining methods have been em- 
ployed, ‘chiefly for the demonstration of some particular 
histological point. Thus, Rosin (446) and Giuseppe Levi 
have used the Ehrlich-Biondi reagent for the determination . 
of the dcidophile and basophile properties of the different 
constituents of the nerve-cell Lugaro has specially advo- 
cated the use of Delafield’s hamatoxylin and of Heidenhain’s 
iron-hematoxylin method for the demonstration of the 
primitive fibrils of the nerve-cell protoplasm. Elective 
staining methods for these fibrils have been described by 
Becker, Held and Bethe. ^ Ehrlioh's intravitam methylene 
blue method, which is of much ‘earlier origin than Nissl's 

method, has also been very extensively used during the 
. period under review, and has-been variously modified by 
numerous workers, among whom may specially be mentioned 
Dogiel, Semi Meyer, Bethe and Donaggio. Lastly, the 
chrome-silver and sublimate methods of Golgi have been 
largely used, not only for the study of the normal cell, but 
also for the investigation of its pathological changes. In- : 
numerable modifications have been described, some of them 
undoubtedly of considerable importance. Foremost among 
these is, beyond question, Cox’s modification of the sublimate 
method, which, according to Lugaro and many other authori- 
ties, is the most trustworthy method of this class for the 
study of pathological changes. ' Improved processes, of . 
blackening the mercurial deposit have added largely to the 
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È value of the sublituáte: methods. Cox. recommended the use 


of. sodium carbonate for this purpose, G. Mirto (840) has 
specially advocated lithium carbonate, and Donaggio (101) 
sodium or potassium hydrate. The last-mentioned method 
was, afterwards independently described by Bevan Lewis 
ae): . 


I. Norman STRUOTURE OF THE NERVE-OELL. 

déi (1) Terminology. 

The term neuron is now in general use to denote the 
"whole nerve-cell, including its processes. The suggestion 
of Schüfer (471) that if should be employed for the axis- 
cylinder process has not been ádopted. Kölliker (229) has 
objected to Waldeyer’s use of the word neuron upon 
etymological grounds and has advocated instead the terms 
nervenbüumchen, neurodendron or newrodendridion, which, 
however, have been very little employed by others. Schüfer 
. proposed that the term nerve-cell should be used in the same 
_ wide sense as neuron, and in the writings of most authorities 
this signification is now generally given to it. 

Taking the motor cell of the anterior horn of the spinal 
‘cord as the type, we miay enumerate the various constituent 
"parts of the nerve-cell as follows:—The nucleus and 
nucleolus; the Nissl-bodies; the achromatic substance, 
‘composing the greater portion of the cell-body, the proto- 
plasmic processes and their gemmulw and also the axis- 
cylinder process, its collaterals and terminal arborisations ; 
the pigment; and lastly, the pericellular and endocellular, 
networks of Golgi, granting that they exist as distinct ele- 
ments. For some of these constituents of the nerve-cell a 
large number of different terms have been employed by 
recent writers. The Nissl-bodies have been referred to by 
"Nissl (863) himself-as the visible, formed, or stainable part 
of the. protoplasm, the, chromatic substance (Marinesco, 
Lugaro and others), the chromophile part of the cytaplasm 
(Levi and others), the chromatophile elements (Lugaro, . 
Marinesco, van Gehuchten and others), the chromophilic 
particles (Berkley), the paupe cohstituent (Eve), the 
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tigroid substance (Liemhossék), the collagenous substance 
(van Gieson), &c. The employment of the term chromatic, 
which has been very general, has led many into the belief - 
that the Nissl-bodies are regarded as composed of chromatin. 
Some writers have indeed maintained this view, but its 
erroneousness has been fully proved. Chromophile (part, 
substance, or elements) is the term that is probably* least 
open to objection, and it is one that has recently been 
largely used. It has, however, been employed by Nissl in a 
different sense, namely, to denote that condition of the nerve- : 
cell which is characterised by- abnormally deep staining with 
his method (a condition which is now generally regarded as 
due to the action of the fixing agent), and by Flesch to 
designate nerve-cells that have a very strong affinity for 
basic dyes (such as the small, dark cells of the spinal 
ganglia), in contradistinction to those that have not. thig 
character, which he termed chromophobe cells. These early 
uses of the word have now, however, been practically 
abandoned. Basophile constituent must be rejected, be- 
cause, as Nissl and Levi have shown, this substance has ` 
only relative basophile properties. Nissl (368) has objected 
to the terms granules and granular substance as being i ina 
large measure false. 

There i8, unfortunately, Gëss confusion regarding 
the terminology of that portion of the nerve-cell which is 
not coloured by Nisal’s staining process, arising chiefly from 
the difference of opinion: that has existed as to its essential 
structure. The term achromatic substance is that which 
has undoubtedly been most largely employed. Many writers , 
now use the expression fundamental substance synonymously 
with it. Nissl (863) used the terms invisible, not formed 
and unstainable substance upon grounds that are now known 
to be erroneous. In 1896 Marinesco (805) applied the term 
trophoplasm to the achromatic part of the nerve-cell, be- 
lieving that this part presides over the nutrition of the 
neuron. The chromatic part he called kinetoplasm. 
Lugaro (242) has pointed out certain objections to these 
terms. Marinesco in & later paper (322) gives a fuller 
' exposition of his use of them. EE with many 
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other authorities that the achromatic part of the protoplasm 
is composed of two different elements, he divides it into— 
(1) the fundamental achromatic substance ‘and (2) the 
organised fibrillar achromatic substance. He therefore, it 
will be seen, limits the meaning of the term fundamental 
substance. He now restricts the term trophoplasm to this 
non-organised portion and calls the fibrillar substance the 
spongioplasm. This terminology proposed by Marinesco 
certainly deserves the most careful consideration. Its 
general adoption, if justified by histological and physiological 
` facts, would undoubtedly be very useful.. It is to be noted 
that Gowers (182) has recently employed the terms ineto- 
plasm and spongioplasm in quite a different way from the 
EE neurologist of Bucharest. 

' The protoplasmic processes are also referred to as the 
` dendrites (His), dendrons (Schäfer) and dendritic processes. 
.The gemmule of the: protoplasmic processes have been 

variously referred to as the spines, thorns, spinous processes, 
lateral buds, pyriform processes, &c. Synonymously with 

` axis- ylinder process the terms nervous process (Waldeyer), 
nervous prolongation (Liugaro and others) neurite, neurazon, 
and azon (Foster (146) and others) have frequently been 
employed. Kölliker (229) made certain distinctions in the: 
use of these terms which have not been generally observed 
be others. He restricted the terms nerve-jibre process, 
neuraxon and azon to those processes that become axis- 
cylinders of medullated fibres, and the terms nervous process 
and neuropodion to those that ran a short course and do not 
become true nerve-fibres. The term neuroplasm was given 
by Kölliker to the homogeneous interfibrillar substance of 
the axis-cylinder of nerve-fibres. It has been applied by. 
Benda (51), Nissl (866) and Bühler (41) to’ certain elements 
that they distinguish in the cell-body, which, however, are 
not strictly identical (see Section I. (2) ). 

The term neuropilema or neuropil was applied by His to 
the dense trellis-work of fine fibrils (mostly collaterals) 
which occurs in the nerve-centres. Its uge has. lately been 
revived in the discussion of the special views of Apathy 
regarding the constitution of the nervous system. 

VOL. XXII. . 14 
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Foster (146) has proposed that the cell-body should be 
called the perikaryon, and that the connection of one nerve- 
cell with another by means of a terminal arborisation 
"applied to the cell-body or to the dendrites should be termed 
a $Synapsis. ` 


(2) Nissl-Bodies or Chromophile Elements. 

The progress that had been made in the study of the 
internal structure of the nerve-cell prior to the period under 
review, as well as up to the earlier part of this period, will 
be found recorded in such works.as those of Lenhossék (277), 
Dejerine (122), van Gehuchten (168) and Kolliker (229) and 
also in a paper published “by Niss! (364) in 1895. It was 
only with the introduction of Nissl’s methylene blue 
method (858) in 1892 that the accurate study of the normal . 
chromophile elements of the protoplasm may be said to 
have begun, and the paper about to be noticed was practi- 
cally the first record of the results of such study, although 
Nissl had previously published two papers in which morbid 
appearances revealed by this method were described (Nos. 
858 and 359). 

In 1898 Nissl (360), selecting the cells of the spinal 
ganglia of man for special study, described them as pre- 
senting when stained by his methylene blue method a non- 
coloured fundamental substance, and coloured particles 
arranged concentrically around the nucleus and having 
filiform prolongations. These particles were of various 
sizes, round, oval, angular or irregular in shape. He main- 
tained that the different degrees of affinity for basic stains 
presented by the nerve-cells, which had led Flesch to divide 
them into chromophile and chromophobe cells, were to be 
attributed to the opposite functional states of activity and 
repose, and not to the fact that they have a different 
chemical constitution and different functions as Flesch (151) 
had maintained. In the same year Rosin (446) recorded 
some observations upon the structure of nerve-cells made 
with the aid of Biondi’s triple stain. He maintained that 
the body of the cell is composed of two substances which 
have different staining reactions, dependent, however; not 
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upon morphological but chemical differences. One of these 
substances he regarded as analagous to’ basophile granules 
in the sense of Ehrlich. K. Schaffer (463) pointed out that 
the cone of ‘origin of the axis-cylinder process differs from 
those of the protoplasmic processes in being devoid of 
chromatic substance, an observation which it is now 
recognised had previously been made by Simarro. 

In 1894 Nissl (861) adversely criticised Rosin’s work. 
In another paper (863) he maintained that ‘the so-called 
‘granules essentially represented the morphology of the cell, in 
opposition to the contention of Rosin that they were merely 
chemical formations resulting from the union of a basic dye 
with an acid substance in the protoplasm. He denied that 
they had basophile properties in the sense of Ehrlich, 
finding that they could be stained with acid as well as with 
. basic dyes. He also gave a further description of the 
morphological characters of these bodies. Though they 
presented themselves in many forms and varied considerably 
in size, they preserved @ fixed arrangement: They appeared 
as irregular particles, smooth or dentate fibres, spindles, 
wedges, stellate masses, &c. They were grouped together 
' or placed in rows., In some cells they were united into a 
network. In fusiform cells they frequently formed blocks, 
which were applied one to either pole of the nucleus (nuclear 
caps). At the point of bifurcation of the large protoplasmic . 
processes there was generally a triangular mass of chromatic 
substance (cone of bifurcation). In the same year G. Mann 
(880) gave a description of the structure of the nerve-cells of 
the cervical sympathetic ganglia of the rabbit. He described 
their Nissl-bodies as occurring in the form of numerous 
short, rod-shaped chromatin granules. He also stated that 
, he had been able to demonstrate by his methyl blue and 
eosine method bodies which showed characteristic staining 
reactions, and which had not previously been described. 
They consisted of dumb-bell shaped elements placed side by 
side. "There were from four to ten of these ''bigeminal 
bodies " 1n each cell. 

In 1895 Nissl (365) pointed out that the nerve-cells may 
be divided into two great groups in accordance with certain 
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morphological features. Those of the first group, which he 
called the somatochrome cells, have a distinct cell-body con- 
taining colourable particles. Those of the second group, 
which he termed karyochrome cells, have only a small cell- 
body containing no colourable particles. He further divided 
this group into the karyochrome cells proper and the cyto- 
chrome cells or granules. He described the various arrange- 
ments of the colourable substance in the somatochrome 
cells and based upon them a classification of these cells (see 
L'(10)). Nissl (364) in another paper, in which he reviewed 
the position of nerve-cell anatomy and pathology, maintained 
that the relation of the amount of the substance stainable . 
with basic dyes to the ammount of unstainable substance 
varies in cells of the same kind. This variability of the 
staining affinity of the cell he again attributed, in the case 
of certain kinds of cell at least, to differences in functional 
state. He believed, however, that the condition of chromo- 
philia, or very deep diffuse staining of the nerve-cells, was : 
artificially produced by the fixing reagent. In the same 
year, Lugaro (238) gave a description of the chromatic sub- . 
stance of the nerve-cells of the cervical ganglia of the rabbit 
as seen in Nissl preparations. He maintained that it does 
not exist in the form of isolated particles, but is united into 
asort of reticulum, or into a figure comparable to the lacunar 
cavities of a sponge, and that it is not homogeneous, but 
composed of various elements more or less intensely colour- 
able. . Lenhossék (277) described the Nissl-bodies in the 
cells of the anterior horn of the spinal cord as compact, 
large chromophile particles and granules distributed through- 
out the cell-body, and giving to it a peculiar tigroid ‘aspect. 
He observed differences in the size and number of the 
particles in different animals. He maintained that the 
Nissl-bodies are not artificial products, and that they are not 
granules in the sense of Altmann. In the cells of the spinal 
ganglia of the ox he found these bodies to occur as very 
small granules. He could not find the arrangement of con- 
centric layers described by Nissl in the cells of the human 
spinal ganglion, but only an indefinite differentiation of the 
particles into an external and an internal layer, the latter 
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being the denser; nor could he confirm the statement that 
the particles give off fine threads. Held (201) maintained 
that the Nissl-bodies are composed of three different ele- 
ments, namely, minute granules, & homogeneous substance 
and vacuoles. He regarded all of them, however, as artifi- 
' cial products resulting from precipitation determined by the 
fixing fluid; they did not exist in the form of large masses 
in the living cell. He based this contention chiefly on the 
facts that they are not visible in the fresh state, only com- 
mencing to form on the addition of water or of fixing agents, 
and that their morphological characters vary with the fixa- 
tive employed. He studied the chemical reactions of the 
`. Nissl-bodies, making the observation among many others 
that they are insoluble in mineral acids, acetic acid, warm 
alcohol, ether or chloroform, soluble in certain other re- 


., agents, such as ferrocyanide of potassium and caustic potash. 


He included them in the group of nucleo-albumins. Becker 
(88) described in the Nissl-bodies numerous granules, which 
he demonstrated by the vital injection of neutral red. He 
likened them to Ehrlich-Altmann granules, and believed 
that they play an active róle in cellular metabolism. Benda 
(51) maintained that the structures in the body of the 
ganglion cells which stain with basic aniline dyes are neither 
Ehrlich's granules nor specially formed cell-substance, but 
the undifferentiated protoplasm, the neuroplasm, which is 
filled in different degrees with basophile granules, and that 
the neuroplasm is sharply separable from a differentiated 
fibrillar substance. Dogiel (117) studied the chromophile 
substance of the nerve-cells in preparations made by his 
modification of Ehrlich's methylene blue method. He 
found that it assumes different aspects According to the 
duration-of the action of the stain upon the fresh tissue. 
At first it appears as fine particles, but later as little masses 
which give the cell a speckled character. 

In 1896 Lugaro (239) contended that the chromatic See 
of the protoplasm represents an interfibrillar mass, and that 
the achromatic part is constituted by the thread-mass of 
Flemming. Thus Nissl's method gives only, as it were, the 
negative of the true structural configuration of the nerve- 
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cell. Early in the same year Nissl (366) published a paper 
containing a minute analysis and criticism of the views 
advanced by Benda. Ramon y Cajal (426) stated that, 
` studying the distribution of the chromatic part of the cyto- 
plasm, both in the phylogenetic series and in ontogenetic 
development, he was able to' observe in it a differentiation, 
the principal phases of which are as follows :—(a) Granular 
chromatin diffusely distributed without formation of very 
apparent aggregations; (b) Formation of peripheral aggrega- 
tions placed around a large perinuclear space; (c) Formation 
of perinuclear aggregations; (d) Extension of the chromatic 
aggregations throughout all the cell-body and moulding of 
fusiform figures parallel to the expansions. Marinesco (805) 
described the occasional occurrence of fusiform enlarge- 
ments containing abundant chromatic filaments in the 
protoplasmic processes of the motor cells of the spinal cord. 
Lugaro's important review of the position of nerve-cell 
pathology (242) in 1896, already alluded to, contains some 
remarks upon Held’s views, which deserve quotation here. 
Lugaro thinks that Held's hypothesis that the figures ob- 
tained with the method of Nissl are artificial products due 
to a precipitation determined by the fixing agent, even if 
correct, does not in the least diminish the value of the 
pathological changes observed in the nerve-cell Every 
microscopic figure is an artificial product, an image symbolic 
of certain morphological conditions ; if this product is con- 
stant, and presents itself in healthy and pathological tissues 
in & different form constant for each, the different reaction 
has the value of an exact indication of the pathological 
alteration. With Held’s assertion that the morphological 
picture varies with the fixative employed he cannot agree, 
finding that those fixatives, the superiority of which is now 
recognised, such as 96 per cent. alcohol, formalin and subli- 
mate, give along with the method of Nissl the same structural 
figures. In the same year Lugaro (244) gave a minute 
description of the arrangement of the chromatic substance 
in the different types of nerve-cell in the posterior root- 
ganglion of the dog (see L (13) ). Juliusburger (220) main- 
tained views regarding the composition of the Nissl-bodies 
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Cell of anterior horn of spinal cord of normal rabbit, Sublimate. 
Thionin. (Lugaro 250.) 
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Gell of spinal ganglion of normal dog.  Lugaro's first type, Sublimate, 
Thionin. (Lugaro 944.) 
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practically identical with those of Benda. Eve (136) re- 
corded observations upon the arrangement, development and 
chemical reactions of the ‘“basophile particles," more es- 
pecially in the cervical sympathetic ganglia of the rabbit. 
He found that these particles are insoluble in weak sodium 
chloride solution, but soluble in very weak solutions of 
caustic soda and acetic acid. 

In 1897 Ramon y Cajal (481) gave a minute description 
of the chromatic elements of the cells of the spinal cord. 
He stated that the orientation of the chromatic corpuscles 
is more or less parallel to the outline of the motor-cell, 
while in the commissural cell i$ corresponds to the direction 
of the protoplasmic prolongations. The corpuscles are 
studded with little projections which penetrate between the 
trabecule of the achromatic substance; they are not homo- 
geneous, but present numerous vacuoles in their interior. 
There probably exist in them also granules which have the 
staining reactions of chromatin. From four to six prolonga- 
tions extend from each chromatophile body, by means of 
which it places itself in relation with other chromatophile 
bodies and with the cellular membrane. In the large and 
medium cells there are two kinds of chromatic elements. 
One 1s large, of polygonal form, and sends out prolongations ; 
the other is small, rounded or irregular in>form, and is 
placed at a nodal point of the reticulum of the spongioplasm. 
Early in this year (1897) there was published the second 
edition of van Gehuchten’s Le Système Nerveus de l'Homme 
(168), in which there will be found & very full and clear 
description of the chromatic substance of the nerve-cell 
protoplasm in accordance with the observations made up to 
that time. In this year, also, Giuseppe Levi (262-263) pub- 
lished an account of his.observations upon the comparative 
histology of nerve-cells. These researches, which extended 
throughout every class of vertebrate animal excepting birds, 
have resulted in what is beyond question one of the most 
important contributions that has yet been made to our know- 
ledge of nerve-cell anatomy. It is impossible in a digest 
like this to give an adequate idea of the wealth of valuable 
details regarding the special structural features of the nerve- 
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cells in different animals that this observer has described, 
and in this sub-section I can’ only indicate a few of his con- 
clusions regarding "7 the chromophile part of the cytoplasm 
of the somatochrome cells.” He draws attention to its 
' strong affinity for thionin, a dye which has not distinctly 
basic characters like methyl-green., He finds that with 
Biondi's method it is stained, though not intensely, with the 
acid colour and not with the basic. Therefore it has only 
weak basophile properties. He finds that the forms assumed 
by this substance in different animals are very various. It 
may appear as powdery granules, as more or less large 
granules, as threads, but more often as masses (zolle) Its 
fine structure in preparations fixed in sublimate is always 
granular. In different cells of the same animal the chromo- 
phile substance preserves a certain uniformity of type. For 
example, in.the guinea-pig the cells of the anterior horn and 
those of the spinal ganglia have both large isolated chromo- 
phile particles; in the dog and ox they contain small diffuse 
granules; in the dormouse dense spindles. He believes 
that he has been able to establish the fact that the chromo- 
phile substance is deposited in particles, which are the more 
minute the more voluminous is the cell, independently of 
the position the animal occupies in the zoological scale: 
Thus, in the large cella of the ox and in the giant-cells of 
petromyzon the chromophile substance is powdery, while 
in the guinea-pig, bat and dormouse its granules are 
aggregated into large and more or less dense masses. While, 
as a rule, the chromophile particles are traversed in every 
direction by the fibrils of the achromatic substance, in 
' certain cases (petromyzon) these two constituents are, 
completely separated from each other. R. A. Fleming (145) 
has given & good résumé of the various views advanced up 
to this date regarding the nature of the chromatic substance. 
He mentions that. Halliburton. and Siegfried (like Held) 
consider that it is a nucleo-albumin. In the Rapport upon 
the pathology of the nerve-cell which he presented to the 
International Congress’ of Medicine held at Moscow, 
Marinesco (814) gave a precise description of the chromato- ` 
phile elements of the protoplasm and of their relation’ to 
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the achromatic fibrillar portion. He stated that these 
elements, as seen in the large cells of the spinal cord, are 
disposed concentrically around the nucleus and prefer a 
polygonal form. The further they are placed from the 
centre the more elongated do they become, and in the proto- 
plasmic prolongations take a fusiform aspect, their long 
axis ‘being parallel “to that of the prolongations. They are 
absent from the axis-cylinder process. They give to the 
cells of the anterior horn a spotted appearance like that of 
the skin of the tiger. Examined with very high powers, 
these chromatophile elements appear composed of elementary 
granules agglutinated by a pale achromatic substance. Van 
Gehucten (169), in a paper which was likewise brought 
before the International Congress of Medicine held at 
Moscow, gives a very minute description of the chromatic 
substance of the cells of the cord and posterior root ganglia. 
He regards its elements as forming in the motor-cells of the 
cord an incrustation upon the nodal points and trabecule, of 
the achromatic network. The greater this incrustation 
becomes the smaller must be the spaces of the network. If 
it involves several neighbouring trabecule and nodal points, 
there is produced the structure of a chromatic block. Such 
a chromatic block does not present any regular contour, 
‘because finé incrusted trabeculse extend from it on all sides. 
The chromatic substance in the cells of the spinal ganglia 
varies greatly in its form in different animals. It incrusts 
mostly the nodal points of an achromatic network and thus 
forms larger or smaller.chromatophile granules. Held (202) 
‘published an account of further observations upon the 
chemical reactions’ of the Nissl-bodies, and maintained his 
previous opinion against the criticisms that had been made 
upon them. "He found that if a fresh cord is fixed in 
alkaline alcohol the, Nissl-bodies cannot be observed in the 
‘cells of the anterior horns. If a piece of cord fixed in this 
way is placed for some time in an acid solution the Nissl- 
bodies reappear. He maintained that the formation of these 
: bodies depends upon the ‘acid reaction assumed by the grey 
substance after death. In life the cells have an alkaline 
reaction and the constituents of the Nissl-bodies are in , 
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solution. Ifa cord is examined: immediately after death no 
Nissl-bodies can be seen, but they appear immediately on 
the addition of very dilute acetic acid. 

In 1898 Marinesco (822) gave a very full description of 
the disposition of the chromatic elements in the cells of the 
sympathetic ganglia; and van Gehuchten and Nélis (170) 
described the arrangement of those in the various types of 
cell in the spinal ganglia of the rabbit. In this year there . 
also appeared the important work of Bühler (41) upon the 
structure of the nerve-cells, a chapter of which is dedicated 
to the subject of the chromatic elements of the protoplasm. 
According to Levi (267), who has given & very full account 
of the contents of this paper, Bühler arrays himself with 
the majority of observers against the views of Held. . He 
thinks that during metabolism in the, nerve-cell there is 
formed an.albuminoid which is soluble in normal salt solu- 
tion and in alkalies, and is coagulated by the agents that 
usually coagulate albuminoids. It is distinguished, both in 
the ffesh state and when coagulated, by a specific affinity 
for the basic aniline colours. It appears as spherules which 
are often united into more or less dense groups. When the 
functional processes of the cell are disturbed it either does 
_ not form or is formed in an abnormal fashion and dissolves. 
Timofeew (506) has noted that in birds (cells of spinal and 
sympathetic ganglia) the chromophile substance is specially 
abundant. Donaggio (105), in his most recent paper upon 
the reticulum which he demonstrates in the nerve-cells by 
meazis of his own modification of Ehrlich’s methylene blue 
method, has suggested an interpretation of certain of the - 
‘appearances presented which specially concerns the chromatic 
substance of the protoplasm. He finds that the reticulum 
(which corresponds to the spongioplasm of Marinesco) is, 
in the cell-body and initial portion of the large protoplasmic 
prolongations, invested by granules which stain more deeply 
than the threads of the reticulum. He thinks that’ these 
granules represent the chromatic substance of the protoplasm 
in its unaltered form and arrangement. Ewing (135) states 
that he is convinced “that the chromatic bodies are homo- 
. geneous in the natural state, that they make their appearance 
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in finely granular form shortly after death.” He further 
maintains “that the chromatic structures in the cerebral, 
spinal and spinal ganplionic cells are always found in the 
form of a reticulum with nodal thickenings, which in the 
stichocromes_reach a considerable volume, covering often 
several adjoining meshes of the network.” 


(3) The Achromatic or Achromophile part of the Cytoplasm. 


It has been freely admitted by the other and more recent 
authorities that the researches of Flemming (139), of which 
an account was published in 1882, opened the modern epoch 
of the anatomy of the nerve-cell (Lugaro, 249, Nissl, 364). 
Flemming, using the iron hematoxylin method of Heiden- 
hain and also staining with Delafield’s hematoxylin, demon- 
strated the presence of short undulating fibrils in the 
cytoplasm of the cells of the spinal ganglia of mammals. 
He stated that they were continued into the colourable par- 
ticles, and that they probably formed a network. In certain 
later writings the priority of Flemming in describing the 
primitive fibrils has been disputed upon erroneous grounds. 
. Levi (262) has recently drawn attention to the matter and 
given & clear statement of the facts. He says:—'' I think it 
opportune to point out an error into which those authors 
have fallen who assert that Flemming was not the first to 
demonstrate the presence of fibrils in the nerve-cells, but 
that he merely confirmed an old discovery of M. Schultze 
(Stricker’s Handbüch, 1871, Bd. L). As is known, this . 
author believed that the fibrils are continued into the cell 
and converge in the manner of rays from the dendrites 
towards the nucleus without forming anastomoses, and are 
continued in.the axis-cylinder, thus only traversing the cell. 
To what the fibrils seen by M. Schultze correspond I am 
not able to say with exactitude; itis presumable that a large 
part of the strie described by him were formed by the 
.chromophile particles of the dendrites, as Flemming believes; 
in any case, it is evident that this structure has nothing in 
common with that recently described in the nerve-cells, and 
to endeavour to identify it with any one only contributes to 
. the creation of deplorable confusion." 
H 
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In 1894 G. Mann (330), describing the sympathetic 
. ganglia of the rabbit, stated that ‘the protoplasm of the 
cell consists of a ground substance with a great number of 
fibrils imbedded in it, which run in bundles and may be 
traced from one process past the nucleus to another process.” 
He referred also to the existence of an interfibrillar ground 
substance in which the chromatin granules are embedded. 
In 1895 Held (201) maintained that, except at the origin of 
the axis-cylinder, the ground substance of’ the neérve-cell is : 
' never fibrillar. A fibrillar structure is simulated by the. 
honeycomb appearance (vacuolation) caused by certain 
: methods of fixation. Becker (38), by means of a method of . 
his own, obtained an elective staining of the substance 
which remains unstained in preparations by Nissl’s method. 
He stated that this substance is a direct continuation of the 
primitive fibrils of the axis-cylinder process into the cell- 
body and protoplasmic processes. Benda (51) also described 
a differentiated fibrillar substance in the cell-body and pro- 
cesses. Dehler (106) observed in the cells of the sympathetic 
: of the frog elongated granules, which formed a fibrillar net-- 
work similar to that described by Flemming. But he found 
transitions between the fibrils and the chromatic substance, 
and therefore believed that they were not distinct structures. 
Lenhossék (277) denied that the ground substance of the 
nerve-cells contains fibrils, attributing to it a spongy 
structure. Dogiel (117), using his modification of Ehrlich’s 
methylene-blue method, observed in: the ganglion cells of 
the retina large fibrils, which passed from one dendrite to - 
another. Flemming (140) confirmed his previous observa- : 
tions upon the structure of the spinal ganglia and gave a 
further description of the fibrils of the nerve- cell protoplasm. 
He noted, also, the presence of a granular, faintly colourable, 
interfibrilar substance. Towards the close of 1895 Nissl 
. (870), who had previously attributed to the unstained 
portion of the cytoplasm an unorganised or granular 
character, stated that he was now convinced after seeing 
Becker’s preparations that it contained fibrils. . 

In 1896 Lugaro (289) maintained that there is a proto- 
plasmic texture in the achromatic part of the protoplasm 
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and that' the chromatic part passively occupies the 
interstices left by the achromatic texture; the achromatic 
part is, constituted by the thread-mass of Flemming. In: 
support of this view, he pointed out certain features of the 
disposition of the chromatic substance which suggest that 
it fills up spaces left by the fibrils. Moreover, in the part 
which appears homogeneous in preparations by Nissl's 
method, a fibrillar structure can be demonstrated by other 
methods. It has a fasciculated appearance in the processes, 
a reticular in the cell-body. ‘A further argument in support 
of this view he drew from the existence of unipolar nerve- 
cells. In these elements there must be an independent 
, and inverse conduction. The only solution of the difficulty 
.a8 Jo how this can ‘occur lies in the hypothesis of the 
existence of a fibrillar structure and of an isolated conducti- 
bility in the single fibrils of tracts apparently homogeneous. 
, In a later paper (242) he described further observations 
upon the fibrils of the achromatic substance, made with the 
aid of staining with Delafield’s hematoxylin and with the 
iron hematoxylin method, in the early stages of chroma- 
tolysis, when, owing to disappearance of the chromatic 
substance, the fibrils of the. achromatic part are more easily 
discernible. Ramon y Cajal (426) expressed the opinion 
. that the fundamental substance, not only of the nerve-cells, 
but also of the axis-cylinder, is formed of trabecule of 
achromatic substance in which the longitudinal trabecule 
are larger than the transverse, and that the fibrillar aspect 
seen by others is due to the, retraction of the cytoplasm, on 
-account of which there is seen only the longitudinal 
trabeculse (Levi, 262). Levi (260), in his studies upon the 
fuchsinophile granules in the nerve-cells of the spinal ganglia, 
obtained with Galeotti’s staining method a demonstration of 
fibrils exactly coinciding with those described by Flemming. 
Lenhossék (280) stated that he had found in the dendrites 
of the cells of the anterior horn of the spinal cord of the 
. frog.and in the cells of Purkinje of mammals three to seven 
strie, which were continued into the fundamental substance 
of the chromophile particles and which simulated a fibrillar 
structure, but which he maintained could not be interpreted 
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as fibrils (Levi, 262). Flemming (141) described the fibrils 
of the achromatic substance in the cells of the cord of gadus 
callarius. He was able to satisfy himself that they form a 
reticulum in the cell-body. Sczawinska (486) found ‘in the 
protoplasm of the nerve-cells of the anterior horn of the 
cord of the skate a fibrillar network, not only in the cell- 
body, but also in the protoplasmie and axis-cylinder pro- 
cesses. W: H. Cox (04) described the arrangement of the 
fibrils in the cells of the posterior root ganglia as observed 
in preparations by a new method of his own., The appear- 
ances suggested the presence of a network, but he seems to 
have been unable to determine its existence definitely. : 
Dogiel (118) has distinguished two systems of fibrils in the 
cella of the spinal ganglia of mammals from results obtained 
with his vital methylene-blue method. One is peripheral 
and formed by fibrils which converge in the ‘axis-cylinder 
process. The other is situated in the central part of the 
cell. Regarding the cell as a sphere, he looks upon the 
former as a system of parallels and ihe latter as a system of 
meridians. 

‘In 1897 van Gehuchten (168) maintained that the achro- 
matic substance consists of an organised and & non-organised 
part. The former has a reticular structure and represents 
the true cellular protoplasm.  Liugaro (245), in the course 
of his studies upon the nerve-cells of the dog in poisoning 
by arsenic and lead, found that a very clear demonstration 
of the primitive fibrils could be obtained with Delafield’s 
hematoxylin in cells which had undergone partial chroma- 
tolysis as the result of the action of the first of these poisons. 
He gives a minute description of the arrangement of the 
fibrils in the cells of the spinal ganglia, and formulates 
certain general conclusions regarding the nerve-cell of which 
the following are of interest here: The achromatic part ‘of 
the nerve-cell contains the organs of nervous conduction, 
the fibrils, which in the protoplasmic prolongations run 
parallel, and in the body form networks which anastomose 
in various ways and constitute a true reticulum, the con- 
figuration of which varies with the various types of cell. 
The chromatic part is disposed passively i in the interstices. 
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left by the achromatic part, so that it gives us a rough 
negative image of the disposition and course of the bundles 
of fibrils which enter the cell-body from the prolongations. 
Levi (2629) in his comparative researches upon nerve-cells 
paid special attention to the arrangement of the fibrils of 
the “fundamental part.” He found that the cells of the 
spinal ganglia of bufo and zamenis, and the ventral cells of 
` the cord of scyllium, are specially suitable for the study of 
these fibrils. The differences of arrangement presented in 
different animals he found to be considerable. He believes 
that the fibrils are not long and independent, but form 
anastomoses which are difficult to see, because hidden 
by the fibrils that interweave in every direction. These 
anastomoses are less numerous in those parts of the cell 
concerned more with conduction than with the performance 
of the specific function, and may be absent in parts ex- 
clusively conductive. The bundles ‘of the fibrils in the 
dendrites go to clothe the superficial part of the cell-body, 
sometimes passing from one dendrite to another, sometimes 
turning down towards the deep part of the cell, where the 
fibrils crossing in every direction form a true network with 
large meshes. He finds that, as a rule, the axis-cylinder arises 
from the centre of the cell from an achromatic fibrillar cone 
which is never in relation with the parallel fibrils of the 
‘peripheral portion of the cell, and he therefore associates 
himself with the opinion of Lugaro (247) that the fibrils of 
the axis-cylinder originate from the reticulum in the deep 
. part of the cytoplasm. The fibrils of the axis-cylinder are 
always parallel and only slightly undulated. He has been 
, unable to demonstrate fibrils in the protoplasm of the 
karyochrome cells. He describes the vortices of the nerve- 
‘cells of bufo and compares his observations with those of 
Lenhossék upon the occurrence of a centrosome and sphere 
in the cells of the spinal ganglia of rana (Section I. 4). 
Ramon y Cajal (431) described the arrangement of the achro- 
matic reticulum in the cells of the spinal cord. He drew 
attention to the occurrence of little chromatophile bodies at 
the nodal points of the reticulum of the cell-body, excepting 
at the origin of the prolongations. He could not exclude 
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the possibility that this reticulum is produced by coagulation 
of the protoplasm by fixatives, but thought there were many 
considerations strongly in favour of the view that it is 
preformed. Nissl (871) described the fibrils to be observed 
more especially in the cells of the anterior horn of the spinal 
cord of the calf in preparations by Becker's method. He 
expressly stated that itis possible to follow the continuity 

of numerous single fibrils through the whole cell-body. Ro 
. difference could be observed in the appearance of the fibrils ' 
.in the dendrites and neurites. Marinesco (813) described in . 
the achromatic portion of the nerve-cell a ground substance 
and & substance which has a fibrillar structure in the pro- 
cesses and reticular structure in the body of the cell. 
There is an anatomical continuity between this network and 
the fibres in the processes, In another paper (316) he stated 
that the formed achromatic substance (as seen in the cells 
of the spinal cord and spinal ganglia in peripheral chro- 
matolysis) is constituted by a network which gives the cella ` 
spongy appearance. The fibrils are attached to the peri- 
phery.of the cell and to the wall of the nucleus. There are 
nodes at the points of intersection of the threads. The 
achromatic network (the spongioplasm) is the frame-work of 
the cellular edifice. Its disposition and texture regulates ' 
` the form of the .chromatophile elements. In the Rapport 
(814), which he presented to'the International Congress of 
Moscow, he gives a detailed description of the achromatic 
fibrils, specially mentioning the occurrence of little chromatic ' 
swellings at the points of intersection of the threads, which 
he terms ‘‘nodal points.” He defines the relationship 
‘between the fibrils of the nervous prolongation and those of 
the network of the cytoplasm. The parallel fibres’ of the 
‘axis-cylinder as they enter the cell break up into several 
bundles, of which one turns towards the centre, the others 
towards the periphery of the cell. They give off branches 
by which they establish an anatomical continuity with the 
network of the cytoplasm. Van Gehuchten (169), in his 
communication to the Congress of Moscow, described the 
achromatic network of the nerve-cell as forming not only 
the essential part of the cell-body, but also the regular con- 
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stituent part of the processes. In the protoplasmic pro- 
cesses the fibrils have a somewhat granular appearance, 
while in the axis-cylinder they are regular and distinct. 
Held (202) believes that the nerve-cell protoplasm and its 
prolongations have an alveolar or honeycomb structure, snd 
maintains that the appearance of fibrils is artificial. Tien- 
hossék (281) maintained his opinion that the achromatic 
part of the nerve-cells of the spinal ganglia of mammals 
has not a fibrillar character, but only a finely honeycomb 
structure. He admitted, however, the presence of fibrils in 
the axis-cylinder and in its cone of origin. Flemming (149), 
in & paper in which he criticised Lenhossék’s views, main- 
tained that the fundamental substance of all nerve-cells has 
a fibrillar structure. The fibrillation is longitudinal and 
radiated at the point of origin of the processes, reticulated 
in ‘the rest of the cell-body. Pugnat (893) studied the spinal 
ganglia of reptiles and confirmed several of the observations 
previously made by Levi regarding the arrangement of the 
fibrils. Bethe (46) described in certain invertebrates and in 
the frog the compiete or partial passage of the fibrils through 
: the body of the nerve-cell from process to process without 
the formation of a network. 

In this place the description of the primitive fibrils given 
by Apathy (8) would in ordinary course require some reference. 
But it will be more convenient to postpone consideration of 
the peculiar views advanced by this observer to another 
section (I. 9). 

Writing in 1898, Cox (95) distinguishes in the cells of 
the spinal.ganglia of the rabbit two kinds of fibrils, one 
long and straight, similar to those of the cone of origin 
of the axis-cylinder, and running in the achromatic intervals, 
the other short and tortuous and enclosed in the chromatic 
particles. He is inclined to believe that the fibrils are 
independent and that the appearance of a reticulum is a 
fallacious one (Lugaro, 253). Lenhossék (282) has now been 
able to.obtain a satisfactory demonstration of a fibrillar 
structure in the nerve-cells of the frog and an indication of 
it in the peripheral stratum of the cells of the spinal ganglia 
of mammals. Auerbach (9) describes in the cells of the 

VOL. XXII. 16 


226 ORITICAL DIGEST 


spinal ganglia of the guinea-pig and rabbit a reticulum of 
fine fibrils with swellings at the nodal points. He has 
observed these nodal points in the cone of the axis-cylinder 
as in the rest of the cell, and believes, therefore, that it 
also is constituted by a fine reticulum. He states, however, 
that he is convinced that the structure is not truly reticular 
but alveolar, and that the appearance of fibrils is due to the 
action of fixatives. Ramon y Cajal (484) has observed in 
the cells of the spinal ganglia of the cat, with staining by 
Delafield’s hematoxylin, an evident fibrillar structure of the 
axis-cylinder process continuous with a reticulo-fibrillar 
structure extending throughout the body of the cell (Liugaro, 
253). Arnold (18), from results obtained with a special 
method of fixation, is persuaded that the achromatic 
substance has no definite fibrillar structure, although it 
contains some threads which appear to be continuous with 
the thread-net of the nucleus. Bühler (41) thinks that two 
kinds of fibrillar formations are to be distinguished in the 
nerve-cell protoplasm. Firstly, there are long fibrils con- 
tinuous with those of the axis-cylinder and constituting 
the paths of conduction; secondly, there are short fibrils 
anastomosing in & reticulum which pervades all the cell, 
including the axis-cylinder, and which constitutes the 
fundamental substance of the cell, the neuroplasma (Liugaro, 
253). Bethe (47-48) describes the pictures obtained by 
means of his new staining method for the primitive fibrils. 
The fibrils of the axis-cylinder are quite isolated from each 
other. The substance between them is homogeneous. In 
the body of the nerve-cells the fibrils likewise appear as 
well individualised, deeply-stained structures. In some 
cells it is possible to follow all the primitive fibrils con- 
tinuously from process to process through the cell-body. 
In other cells their course cannot be made out. He rarely 
saw any evidence of division of the fibrils. There is no 
network of fibrils, but only a felt-work composed of isolated 
threads. He could not find any junction of them with each 
other. A large number of the fibrils of one dendrite pass into a 
neighbouring dendrite, in some instances without ever really 
entering the cell-body. He describes the course of the 





Fra. 8. 


Cell of spinal ganglion of dog poisoned with arsenic, showing concenitne 
arrangement of chromatic particles and fibrils. Section in the plane of the 
course of the fibrils, Owing to peripheral chromatolysis the fibrils are 
distinotly visible, Sublimate.  Delafield's hematoxylin. (Lugaro 259.) 





Fre. 4 . 
Same as Fig. 8, except that the section is in a plane perpendicular to thosa 
in which the concentric fibrils run. (Lugaro 258) 
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fibrils in the various forms of nerve-cell. Lenhossék (284) 
considers that confirmation of these observations of 
Bethe is required before they can be accepted as accurate. 
Marinesco (822), in describing the achromatic reticulum in 
the sympathetic ganglia, expresses the opinion that the 
nodal points are formed by true enlargements at the crossing 
of the fibrils, and therefore should not be thought to be 
of the same nature as the blocks of chromatic substance. 
Lugaro (250) directs attention to the beautiful demonstra- 
tion of a reticulo-fibrillar structure that can be obtained by 
hematoxylin staining of nerve-cells, of which the chromatic 
part has been altered by experimental pyrexia, and gives 
a further description of the appearances presented by the 
primitive fibrils. The same authority (253), in his important 
paper upon the nerve-cells of the spinal ganglia of the dog, 
passes in review the previous observations upon the structure 
of the fundamental substance, and records results of further 
investigations of his own. He states that there can now be 
recognised as generally predominant the tendency to admit a 
reticulo-fibrillar structure, although with regard to certain 
points there is still considerable disagreement among the 
individual observers. He himself defends the reticulo- 
fibrillar theory against that of independent fibrils. He 
thinks that the various discordant opinions regarding the 
fibrillar structure are to be attributed largely to erroneous 
interpretations of the different aspects presented by different 
cellular types, and even by the same cell from different 
points of view. The aspect of the fundamental substance 
varies in different parts of the cell and also according to 
the direction in which the section of the cellis made. In 
one plane there may appear a structure of concentric fibrils 
and in a plane perpendicular to this a reticular structure. 
This fact has been already noted by Flemming (142). The 
greatest differences of aspect in the structure of the funda- 
mental substance are, however, those due to difference of 
cellular type. He gives a minute description of the arrange- 
ment in each of the five different types of cell recognised by 
him in the spinal ganglia of the dog. He incidentally states 
that the chromatic thickenings at the nodal points do not 
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- constitute an integral part of the reticulum, and that they 
have only a relation to the fibrils of simple super-position. 
It will be seen that upon this point his opinion. differs from 
that of Marinesco. In all the types the fibrils.of the axis- 
cylinder break up among the fibrils of the cytoplasm, joining, 
with them and thus gradually losing themselves in the 
reticular formation. He thinks that the different types of 
penetration of the axis-cylinder described by Cox (95) are 
but different sectional aspects of the same mode of penetra- 
tion. He also thinks that the conclusions of Bühler and of ' 
Cox regarding the existence of two kinds of fibrils are 
founded on false interpretations of the different aspects that 
the same cell can present in different parts and from different 
points of view. Levi (266), in the course of his study of 
the changes occurring in the nerve-cells of cold-blooded 
animals during hibernation, obtained some very clear pic- 
_ tures of the arrangement of the fibrils, which he describes 

in minute detail. A large part of this paper is taken up 
with a comparison of the author’s observations’ upon the 
structure of the vortices with those of Bühler, a subject - 
which will be dealt with in the next subsection. The obser- 
vations of Donaggio (105) upon the cellular reticulum : 
revealed by a special method will also be more conveniently 
considered in another subsection (I. 6). Ewing (135) admits 
the existence of a reticulum in the cell-body, but he regards : 
it as a chromatic reticulum rather than an achromatic. 
“The strictly achromatic substance of the cell” he describes 
as granular both in the cell-body and in the axis-cylinder 
process. Gowers (182) has recently taught that the primitive 
fibrils pass through the body of the cell without interruption. 
He bases this contention chiefly upon the observations of 
Max Schultze. 

The gemmule of the protoplasmic processes.—As these 
structures form a part of the achromatic substance of the 
nerve-cell, they require notice in this place. . The recent 
observations which specially relate to them are not numer- 
ous. The most important are undoubtedly those of Hill 
(204-205) and Lugaro (252). Hill notes the fact that S. 
Meyer (848) could not find them in preparations by Ehrlich’s 
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methylene. blue method, and therefore questioned their 
existence as real structures; and that, on the other hand, 
Ramon y Cajal (425) observed them by this method both in 
the young animal and in the adult. The view of Kolliker 
(229) that they only occur in the adult as artefacts is now 
quite untenable. Ramon y Cajal (425) made use of a modi- 
fication of the methylene blue method for their demonstra- 
tion, and. expressly states that the Erlich-Dogiel process 
does not reveal them, but shows varicosities upon the proto- 
plasmic processes which he regards as a post-mortem product 
due to the action of the air. In a later paper (429) he gives 
a further description of the gemmule as seen in his methy- 
lene blue preparations, and states the conclusion that they 
serve to increase the surface of connection of the proto- 
plasmic arborisation. Hill thinks that the thorns are organic 
structures which are not shown in their entirety by the 
chrome silver method, and that the typical form of a rod 
with a dot at the end is due to a post-mortem change in the 
tissue. He describes the numerous variations in form which 
they present. He believes that they are really the ends of 
unstainable nerve filaments, surrounded by a film of staining 
cell-plasm. He has observed that in the cells of Purkinje 
in the skate they are replaced by long striæ streaming away 
from the protoplasmic process.on either side. Lugaro (252) 
hes demonstrated the functional mobility of the gemmulæ, 
their general expansion during sleep, and their contraction 
"under the influence of certain stimuli. The results of his 
observations, and the technique employed, ‘exclude the 
possibility that their typical appearance is one mun 
produced by post-mortem change. 


(4) Centrosome and Sphere of Lenhossék. — 
Vortices of Levi. «. 


In 1895 Lenhossék (278) described in the cells of the 
spinal ganglia of the frog a figure to which he applied the 
term centrosome and sphere, and which he demonstrated 
especially in iron hematoxylin preparations. He found that 
in certain cells the nucleus is eccentric, and that on the 
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side to which the greater part of the protoplasm is placed 
there is a concentric arrangement of the protoplasm. The 
central point of: this figure, the centrosome, is, somewhat 
‘granular, and surrounding it there is the more homogene- 
ous sphere. It is to be borne in mind that at this period 
Lenhossék denied the existence of fibrils in the body of 
the nerve-cell. Dehler (106) shortly afterwards confirmed 
Lenhossók's observation, and similar figures were described . 
by Bühler (40) in lucertola, by J. Schaffer (470) in petro- . 

' myzon, and by Lewis (271) and Maclure (854) in the nerve- , 
cells of invertebrates. 

In 1897 Levi (262), in the course of his comparative 
researches, observed in the protoplasm of the cells of the 
spinal ganglia of the toad the occurrence of a spiral vortex 
composed of converging fibrils, and having a distant resem- 
blance to the centrosome and sphere described by Lenhossék 
in the frog. He observed similar figures in the frog and in 
zamenis, but they were less distinct. He states that he is 
satisfied that what Lenhossék regarded as a homogeneous 
sphere is really composed of a vortex of fibrils, and that his 
centrosome is a transverse section. of the axis of this vortex. 
He therefore maintains that one cannot give to this figure: 
the significance either of a centrosome or a sphere, more 
especially since he has been able to trace the fibrils of the 
vortex into direct relationship with the origin of the axis- 
cylinder. This consists badly with the meaning that is 
commonly given to the term centrosome, ile, a formation 
which, at least at a certain period of ontogenetic develop- 
ment, takes an active part in the reproduction of the cell. 
In his paper upon karyokinesis in the nerve-cell, Levi (264) 
maintained the same view regarding the nature of this so- 
called centrosome and sphere. He could see no reason for 
doubting that the centrosome of the somato chrome cells, 
like that of the kernzellen (in the case of which he has 
proved the point) resides in the nucleolus. .Bühler (41) in 
his work on the nerve-cell, devotes a chapter to the subject 
of the concentric figure described by Lenhossék, and entirely 
confirms Levi's statements regarding it. He also gives a 
description of another structure which he was the first to 
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‘observe in the nerve-cell (40), namely, the '* centrirte sys- 
tem" of Heidenhain. “Itis a system of organic rays with 
central corpuscles and microsomes.” It is placed between 
` the nucleus and the inferior'pole of the, cell, but resides in 
the proximity of.the inferior margin of the nucleus. Often 
-it is double, and always lies on the principal axis of the cell, 
or in immediate proximity to it. Its presence in the cells 
of the toad and frog is constant (267). Szczawinska (487) 
has recognised in the nerve-cells of the skate figures similar 
to those described by Levi and Bühler. Levi (266), in his 
recent paper upon the changes in’ nerve-cells during hiber- 





Cell of spinal ganglion of By ufo ourganisa; Winter. Shows the spiral vortex 
in oblique section, (Giuseppe vi 266.) d 


nation; gives a very minute description of the vortices as 
they occur in the toad, and compares his description with 
that of Bühler, which differs in certain points of detail, 
more especially as regards the relations of the “ rectilinear 
fascia" and terminal spiral of the vortex to the axis- 
cylinder process.. He now recognises ‘that it is only during 
hibernation that a clear view of these formations can 
_ be obtained,'as at other times they are obscured by the 
‘chromophile elements. His description of the fibrils of the 
vortex and their relation to the axis-cylinder and nucleus is . 
of much interest, but scarcely admits of being epitomised. 
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(5) Physiological Pigment. 


No very important light has recently been thrown upon 
the question of the nature of the physiological pigment of 
the nerve-cell. The only paper that has appeared on the 
subject during the period under review seems to be that 
of Pilez, although there have been numerous incidental re- 
ferences to it. ‘Schäfer (471) maintained that the presence 
of pigment is not & sign of decadence, but rather one of 
activity. Pilez (892) has distinguished two kinds of nerve-cell 
pigment, which are different as regards their development, and 
react differently to staining reagents. One is pale yellow, 
and occurs in the cells of the cerebral cortex, basal ganglia, 
cord and spinal and sympathetic ganglia. The other is dark 
brown, and is present in the cells of the locus coeruleus, 
substantia nigra of Scmmering and: nucleus of the vagus. 
These two kinds of pigment are not different forms of the 
same substance, but of an entirely different nature. The 
yellow pigment is blackened by osmic acid, the brown is not. 
Neither of them are hmmatogenous. He has studied the 
period at which these pigments make’ their appearance in 
development. The brown pigment first appears in the cells 
of the locus coeruleus at the twelfth month. In general it 
appears at an early period of life, and ceases to increase 
after a few years. On the other hand, the yellow pigment is 
first seen (in the spinal ganglia) about the sixth year, and 
continues to increase throughout life. In the lower animals 
this pigment is much less abundant than in man. It is 
never found in the. cells of Purkinje. Hutchison (209) 
found that an amount of pigment, far in excess of the ideal 
standard, was present in nearly 50 per cent. of presumably 
healthy human brains. Rosin (447) found that the yellow 
pigment in the nerve-cells of the human cord is blackened 
by osmic acid, but that this reaction does not occur if the 
preparations are first treated with ether. He therefore 
thinks that it is partly of a fatty nature. Colucci (89) states 
that chemical reactions. prove that the yellow globules in 
nerve-cells are.not fat. They may,however, undergo a fatty 

metamorphosis and then a black reaction is obtained with 
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osmic acid. He regards them as a manifestation of cellular 
metabolism. Jt has not been proved that they are true 
, pigment granules such ag those in the cells of the locus 
niger, Ee, Marinesco (818) believes that the yellow substance 
in the nerve-cells arises from a transformation of the chro- 
matophile particles, and that it is allied to fat. He notes 
that it stains with basic fuchsine, with hematoxylin in 
Weigert’s method, and with osmic.acid. Lord (289a) holds 
that the pigment of the nerve-cell results from fatty de- 
generation of the “ovoid bodies " (chromophile elements). 


(6) Golgt’s Pericellular Reticulum. 


In April and July of last year Golgi (159-160) made two 
communications, in which he described two new structural 
features which he has observed in the nerve-cells in pre- 
parations by his rapid silver method, or by special modifi- 
cations of it. The first consists of a peculiar reticular 
investment of the cell, the second of an entirely separate 
reticulum within the cell-body.- On ‘account of the great 
interest of the subject, I think it is well to give a somewhat 
detailed account of these observations here. I am indebted 
to Professor Golgi for very kindly sending me reprints of 
his papers. i 

The pericellular investment (159) is a very delicate 
structure formed of a substance clearly differentiated from 
the cell-body. It sometimes appears as a reticulum, some- 
‘times 88 & continuous homogeneous stratum, or as closely 
applied squames. Not rarely it presents striations which 
might be interpreted as fibres crossing over the cell-body. 
Most frequently it has a finely reticulated structure, with . 
round, uniform, regular meshes. It forms a cuirass which 
clothes not only the cellular body but also the protoplasmic 
-prolongations, along which it may be followed even to the 
'' subdivisions of the second and third order. Upon these, 
however, it loses its reticular aspect and becomes a uniform 
stratum. The cellular substance, including the prolongations, 
remains colourless and transparent. The investment is seen 
in its most characteristic form upon the cells of the spinal 
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cord, nuclei of the medulla, dentate nucleus of the cerebellum, 
&c., but it may be seen upon all varieties of nerve-cell, even 
the smallest. The cells of Purkinje show it generally as 
a continuous investment or composed of fine little squames. 
In the cells of the cerebral convolutions it is commonly 
uniform and continuous, although the reticular form may 
also be observed in some. Golgi states that in 1882 he 
expressed the opinion that it is probable that the nerve-cells 
possess an investment of the nature of neuro-keratin. In 
1893 he spoke more decidedly regarding the existence of 
such an investment, and invoked it as an argument against 
the theory of transmission of the nervous current by con- 
Deutz (156). In 1895 Lugaro (237) described a similar 
appearance of the cells of the dentate nucleus of the cere- 
bellum, stating that in silver preparations these cells appear 
as if invested by a brown shell, which is homogeneous and 
riddled with holes. Golgi refers also to a somewhat recent 
paper by Martinotti (299), in which there is described a 
similar reticular investment of the nerve-cells of the spinal 
cord which the author thinks may be composed of neuro- 
keratin. Shortly after Golgi made his first communication, 
Lugaro (251) published a reply to it on account of certain 
references which it contained to his observations and 
views. He points out that he did not give to the structure 
in question the value of an integral part of the nerve-cell 
(as Golgi seems to do), but only that of an interstitial 
substance. More recent observations have still more fully 
convinced him of the correctness of this view. He finds 
that the aspect of a cellular investment is only obtained 
when the cells are at a, certain distance from each other. 
Where they are crowded together the apparent investments 
tend to become confluent, so that there,results that picture 
which Cajal described, and compared to the aspect of a 
honeycomb. He cannot affirm with certainty what is the 
nature of the part that colours, but is inclined to regard it 
as an interstitial liquid. 

The reticular figure described by Donaggio (102-104) has 
certain points of resemblance to Golgi’s pericellular invest- 
ment, but, as he has lately (105) identified it with the achro- 
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Fra. 6. 


Nerve-cell with raticular investment. Oel of anterior horn of spinal cord 
of cab. (Golgi 159.) 





Fra. T. 


Spinal nerve-cell with internal retioular apparatus. From a ganglion of 
adult dog. (Golgi 160.) 
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matic reticulum, and as it has to be compared also with 
Golgi's internal reticulum, I defer consideration of it to the 
next subsection. 


(7) Golg?'s Endocellular Reticulum. 


Golgi (159), in the first of his two recent papers just 
referred to, describes this structure as a delicate and beautiful 
reticulum hidden within the cell-body. It has a characteristic 
aspect on account of which, if the reaction happens to be 
partial, even little fragments of it can be recognised. It is 
best examined in mounting media of a lower refractive index 
than Canada balsam, such as glycerine. It consists of 
threads of irregular thickness, often somewhat tortuous, 
which freely anastomose with each other. Between its 
peripheral limits and the surface of the cell there remains 
a zone of clear cell-protoplasm. While externally the 
reticulum is sharply limited, towards its inner aspect, around 
the nucleus, the threads dip down to different levels. Some 
of those derived from the peripheral plane present short . 
offshoots which terminate as delicate pyriform swellings. 
Similar swellings may occur in the course of the threads, 
more especially at the nodal points. The reticular body has 
in relation to the whole cell a definite orientation, which, 
however, presents certain differences in the various categories 
of cells. In the cells of Purkinje (in which alone up to this 
time he had made an extensive study of it) the reticulum 
tends to assume the form of a pear, with the narrow end 
directed towards the molecular stratum, in correspondence 
with the point of exit of the large protoplasmic prolongation, 
in which the various threads run together into one, two or 
three terminal threads. ' 

In his second paper (160) he states that he believes that 
this internal reticulum occurs in all the principal categories 
of nerve-cells and gives a minute description of it as it 
appears in those of the spinal ganglia of the dog. Its 
characters here are very similar to those already described 
in the cells of Purkinje, but, at the same time, they present 
characteristic differences. It has a globose form, adapting 
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itself (as in other situations) to that of the cell, and it has no 
special orientation. The reticular constitution is less dis- 
tinet, giving place to what is rather an irregular filamentous 
apparatus, complexly convoluted, the threads of which it 
is difficult to «race. There is undoubtedly, however, the 
structure of a network. With advancing age, the reticular 
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Nerve-cel of anterior horn of spinal cord of dog, showing reticulum. 
The original is in colour. Donaggio's methylene blue method. (Donaggio 
105.) ‘ 


character seems to become more pronounced. Some of the 
threads are very fine and of regular thickness, others in the 
same cell may present a succession of dilatations and con- 
strictions. They may give off some lateral processes which 
may terminate after a short course in rounded or oval 
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swellings. There is generally a clear zone around the 
nucleus, but occasional threads appear to terminate in 
contact with it. He believes that this reticulum is some- 
thing absolutely different from the PUEROS and primitive 
fibrils described by others. 

Donaggio (102) in 1896, by means of & udin of 
the vital methylene-blue method, obtained in the nerve-cells 
of various mammals a demonstration of a fine reticulum, 
extending throughout the cell-body and protoplasmic pro- 
_longations and connected on the one hand with the nuclear 
network and on the other with fibrils outside the cell. 
Two years later (104) he described this reticulum more ` 
minutely, but came to no very definite conclusion regarding 
its significance. Quite recently he has published a third 
paper on the subject (105). He now considers that the 
reticular figure corresponds to that of the achromatic 
reticulum of the protoplasm. He has observed, however, 
that it is most brightly coloured in those parts in which 
the chromatic substance is known to be most abundant, 
that is to say, in the cell-body and initial portion of the 
protoplasmic prolongations, while in the branches of the 
protoplasmic prolongations it is not visible, and in the cone 
of the axis-cylinder it is constituted by only very faintly- 
coloured threads. Further, the deeply-coloured threads 
present & granular surface, and some cells show an initial 
formation of chromatic particles. He therefore concludes 
that the network is formed of threads which consist of two 
substances, one which is deeply coloured with methylene- 
blue and corresponds to the chromatic substance shown by 
Nissl’s method, and one which is colourless in preparations 
‘by that method. He differs from the opinion of Held, 
according to which the chromatic substance is dissolved in 
the protoplasm, and maintains that its normal disposition is 
on the threads of the achromatic reticulum and that it is 
for this reason that his method, which does not alter this 
-original disposition, reveals the reticulum. He thinks that 
up-to a certain point a comparison is possible between this 
reticulum and the two described by Golgi. He cannot, 
however, by his method sée any difference between the 
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external portion and that in the deeper part'of the cell. 
There appears to be only one continuous structure. 
Superficial reticular formations analagous to that de- 
scribed by Donaggio have been described by Nissl (374) and 
Bethe in prepdrations by the method of the latter. These 
authorities maintain that these reticula do not belong to 
the nerve-cell. but to the interstitial nervous network which 
they believe to occur throughout the grey substance (257). 
Ramon y Cajal (435) opposes this view, and maintains that 
the pericellular réticulum is merely the more superficial and 
coarser part of the spongioplasm to which the colouration 
is sometimes limited in preparations by Eirhlich's method. 
It belongs to the cell and has no connection with the 
nervous filaments that surround it. He regards the figures 
described by Golgi as produced by colouration of the 
interstitial cement, of the superficial network, or, in certain 
‘instances, of pericellular nests. In any case, there is no 
reason to consider the superficial network as either an 
isolating investment or as & pericellular plexus (257). , 


` (8) Nucleus and Nüeleólus: 


, Of the many important contributions that Giuseppe 
Levi has made to our knowledge of the normal anatomy of 
.the nerve-cell, there is probably none more, valuable than 
the clear and precise description that he has given of the 
structure of the nucleus. Previous to his taking the matter 
up, the study of this portion of the nerve-cell had been 
comparatively neglected, and all descriptions that had been 
‘given of it were more or less inaccurate and incomplete. 
The publication of his first paper on the subject in 1896 
may justly be said to mark one of the important epochs 
in the history of the progress of our knowledge of nerve-cell 
anatomy. 

Flemming (139), in his early paper upon the cells of the 
spinal ganglia, expressed the belief that both the nuclear 
membrane and nucleolus are rich in chromatin. Nissl 
(360) in 1893. described æ nuclear membrane, a reticular 
framework, from one to three nucleoli and also acces- 
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sory nucleoli. In the ‘same year, Rosin (446), basing 
his conclusions upon results obtained with Biondi’s stain, 
maintained that the nucleus and nucleolus are neutrophile. 
In 1894 Nissl (961) differentiated in the nucleolus a delicate 
external layer, which stained deeply, and a central colourless 
part. In 1895 Lenhossék (277) described a very delicate 
nuclear membrane and a faintly-staining nuclear reticulum: 
In the nucleolus he distinguished a group of from three to 
five punctiform, strongly colourable endonucleoli. Dehler 
(106) noted ‘at the periphery of the nucleolus a deeply- 
staining zone. -Roncoroni (443) described in the nuclei of 
some of the pyramidal cells of the cerebral cortex the 
occurrence of a sharp line, coloured deep blue in methylene- 
blue and eosine preparations, and extending sometimes from ` 
one pole of the nucleus to the other. He thought that it was 
probably composed of chromatin. Lugaro (240) maintained 


^. that Roncoroni’s line is nothing more than a fold of the nuclear 


membrane, due to shrinking of the nucleus, generally from 

alcohol hardening, and that staining reactions prove that 

itis not composed of chromatin. Roncoroni (444) defended : 
his original opinion against the criticisms of Lugaro, who, 

in turn, replied with further arguments in support of his 

contentions (241). There can be little doubt that Lugaro’s 

view of this matter is the correct one. 

In 1896, Ramon y Cajal (426), from studies with the 

method of Nissl, concluded that the nucleus of the nerve- 

‘cell undergoes, along with its differentiation, & process of 
: simplification consisting in & progressive concentration of 
all the nuclein in one or two sphérical nucleoli, and that it 

_is probable that nerve-cells with the nuclein thus concen- 

trated have lost the power of proliferation. He believed ` 
that in the large cells the nuclear contents were devoid of 
nuclein, but that, on the other hand, the nucleolus , was 
` formed entirely of nuclein, which, however, was modified in 
the central portion by long mitotic repose. Levi (259) 
published his first; paper upon this subject contemporaneously 
with the preceding.’ He pointed out that Rosin’s conclusion 
that the nucleus and nucleolus of the nerve-cell are neutro- 
phile is in contradiction to established views regarding the 
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structure of nuclei in general, since it is now believed that 
the chromatin (or nuclein) of the nucleus has affinities for 
the basic aniline dyes, the nucleolus for the acid. He con- 
siders that Rosin used Biondi’s stain in too concentrated 
. Solution, and therefore obtained reactions which were 
largely artificial. It is now known that for elective coloura- 
tion dilute solutions which stain slowly and progressively 
are always to be preferred. He has himself employed this 
progressive method of colouration with Biondi’s stain (after 
sublimate fixation) and has obtained results entirely different 
from those of Rosin. He finds that in the somatochrome 
cells all the different elements—including the Nissl-bodies 
and the achromatic part of the protoplasm, the nuclear 
membrane and nuclear granules or network—take the 
aéid stain (acid fuchsine and orange G), excepting from 





Fra. 9. 
us i nerve-cell of anterior horn of spinal cord of guinea-pig, show- 


ing basophil icles attached to the nucleolus. The original is in colour. 
Harich: ion i staining. (Giuseppe Levi 262.) . 


two to four SS adherent to the nucleolus, which take 
the basic stain (methyl green). The large globular nucleolus 
(or nucleoli, as there are occasionally two), apart from 
these particles, is very strongly acidophile. The basophile 
particles vary considerably in form and volume. They may 
have the aspect of semilunar bands or of spherical masses, 
or may assume any intermediate form. He has never seen 
‘them detached from the nucleolus, nor has he seen other 
basophile particles among the contents of the nucleus. He 
describes the special features of the basophile particles in 
‘the somatochrome cells of different regions. In the anterior 
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` horn’ of the spinal cord, for example, they. are constantly 


semilunar, delicaté.and elongated, so. that often they em- 
brace the voluminous nucleolus im: a green ring. He also 
describes the somewhat différent; characters presented by the 
nuclei of the two varieties of karyochrome nerve-cells; but 
this subject is more fully dealt with in a later paper (262-263). 
He has never seen-in his preparations the endo-nucleoli to 
which Lenhossék refers. The accessory nucleoli that have 
been described : evidently correspond to the acidophile 
granules, some of which, at least, in lower vertebrates, are 
little inferior in volume to ‘the nucleolus. They differ, 
however, from the latter in never being surrounded by 
basophile particles. He maintains that the basophile 
particles are composed of nuclein (chromatin) and that they 
constitute the whole of this substance ‘contained in‘ the 
somatochrome nerve-cells. In the course of his observa- 
tions upon the fuchsinophile granules of the nerve-cell, he 
observed (260) that the basophile particles of the nucleoli of 
the cells of the spinal ganglia are rounded in form in the 
resting condition and elongated.in that of fatigue. This 
change he attributes to the enlargement of the nucleolus, 
which occurs in the latter condition, according to the obset- 
vations of Mann and Lugaro. In his comparative researches 
upon nerve-cells, of which he published his account im 1897, 
Levi (262-263) included the study of the characters of the 
nuclei. He confirms his previous description, more particu- 
larly‘as regards what he terms the “centralisation of the 
nuclein in the somatochrome cells.” .He finds that the 
nuclei of this class of nerve-cells have essentially the ` 
same structural features in all the animals he has studied, 
but describes the various slight differences he has observed. 
He regards the nuclear membrane as a true membrane and 
not merely & part of the nuclear stroma, as in neuroglia 
cells. In mammals the nuclear reticulum, or lining network, 
is’ very loose and faintly colourable. While the centralisá- 
tion of the nuclein is complete in the somatochrome cells of 
mammals, in all the lower vertebrates, although the greater 
part of the nuclein is centralised, there is a certain quantity 
of.it diffused throughout.the nucleus. The nuclei of the 
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kernaellen have a delicate; acidopbile membrane. Their . 
nucleoli present many variations. They are very small, 
generally irregular in outline and always composed of two 
substances, nuclein and one ot two acidophile particles. 
Centralisation ofthe nuclein is, as a rule, only partial. In 
` the granules of the cerebellum, &c., it is doubtful if the 
nuclear membrane is always scidophile. Acidophile sub- 
stance is always present in the nucleus, but it is very scanty. 
Chromatin is, on the other hand, abundant. The nuclei of 
the neuroglia cells have a membrane composed of chromatin 
and a dense reticulum of the same substance. There. is, 
however, no precise differential criterion by which it is 
possible to distinguish them from those of the granules. 

Van Gehuchten (169) refers to Levi's observations, and 
gives a description of the nucleus essentially ih agreement 
with his view, except as regards the nucleolus, which he 
seems to regard as composed entirely of chromatin, Len- 
hossék (281) confirms Levi's statement that the nuclear 
reticulum is always acidophile. He doubts, however, if the 
basophile particles in the nucleolus are a constant morpho- 
logical feature, and thinks that their basophile character is 
only relative. As will be seen, he altered this opinion 
shortly afterwards. Prenant (400) describes the occurrence | 
of crystalloid rods in the nuclei of the nerve-cells of the 
sympathetic ganglia of the hedgehog. They are straight or 
curved, generally long and intensely coloured. 

In 1898 Buhler (41) distinguished in the nucleus of the 
nerve-cell an acidophile chromatin and a basophile; the first 
(oxychromatin) is much more abundant than the second. 
The nucleolus is composed of a substance very nearly allied 
to basi-chromatin but not identical with it. He did not 
refer to the special disposition of the nuclein described by 
Levi. Heimann (210) states that the nucleolus presents a. 
resistance to stains similar to that exhibited by bacterial 
spores. He regards the nuclear reticulum as basophile (211). 
Lenhossék (282) considers that the terms acidophile and 
basophile -should not be used in too absolute a sense with 
regard to the staining reactions of the constituents of the 
nucleus and nucleolus. He regards it as settled that the 
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roS nahi of nerve-cells has only a very faint 
affinity for basic dyes, and.that on the other hand it colours 
intensely with acid dyes. With regard to the EE be 
now.accepts the views of Levi.. 

It should be mentioned here that Goldscheider - ES 
Flatau (167), in à work which has probably been widely read 
in this country, gave an erroneous account of Levi's con- 
‘clusions regarding the structure of the nucleus of the nerve- 
cell. Ewing (185) has also fallen into an error in his 
reference to Levi’s description of the changes that occur in 
the basophile particles of the nucleoli of the cells of the 
-spinal ganglia after prolonged stimulation of the sciatic, 
attributing to him the belief “that during cellular activity 
there is an increase in the size and number of the granules 
of true chromatin lying about the nucleoli of these cells.” 

. Timofeew (506) states that the nuclei of the nerve- cells. 
of birds have two nucleoli, one of which has the characters 
described by Levi, while the other is entirely acidophile. 

In his latest paper on the subject of the nucleus, Levi 
(265) reviéws the recent observations recorded by other 
authorities,.and defends bis opinions against certain criticisms 
that have been offered. He refers to the fact that his. 
statement that the nuclear membrane of the large nerve- 
‘cells is always acidophile in reaction has been confirmed by 
Lenhossók (282), Ramon y Cajal (426) and van Gehuchten 
. (169). He especially criticises the. conclusions of Bühler 
(41), which differ essentially from his own. He maintains 
his statement that the basophile character of the nucleolar 
particles is absolute, and disputes the opinion of Ramon y. 
Cajal (426) that the whole of the nucleolus is composed of 
chromatin, insisting on the acidophile character of the. 
central portion. 


(9) Mode of Connection of Nerve-Cells. 


According to the neuron theory, every nerve-cell with iis. 
protoplasmic processes, axis-cylinder process and collaterals, 
is an anatomical unit, structurally independent of other nerve- 
cells ; the nerve wave passes from one cell to another by 
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way of contiguous terminal drborisations of axis- a jüader 
processes and protoplasmic processes'or nerve-cell bodies, 
never by anastomosing branches; neither the network of 
Gerlach, formed by anastomoses of protoplasmic processes 
of adjacent cells, nor the diffuse network of Golgi, formed 
by the branches òf adjaéent axis-cylinder ‘processes, have 
, any réal existence. The neuron theory has, however, : 
always had its’ opponents, ‘and at the present moment a 
most serious attempt is being made to entirely overthrow it. -` 
e evidence that had been adduced against it up to 1894 
‘has been very clearly stated by Tanzi (499), and van 
Gehuchten (168), in the last edition of' his text-book, gives : 
an excellent historical account of the whole matter up till 
1896. I shall notice here only some of the miore recent 
observations that havé been reóorded in support of the 
existence of direct connections. In. 1893 Dogiel (115) 
described in the retina various "forms of anastomoses 
between nerve-cells. An excellent résumé of his views, as 
well as of those of others who have recently studied the 
cells of the same organ, will be found in van Gehuchten’s 
. book. Ramon y Cajal (428) and many other authorities 
deny the-existence of anastomoses in the retina, while some 
observers (Renaut, 451, Bouin, 64, Ee) deséribe anasto- 
moses of a different kind from those of Dogiel In 1895 
‘Golgi (158), in & paper upon the foot of the hippocampus, 
defended hiş views regarding the existence of a diffuse. 
nervous network: In the same year Vassale and Donaggio 
(515) stated that in the cerebral cortex. they had observed by 
means of & new chrome silver method appearances pointing 
to the existence of anastomoses between the gemmulae of. 
the'protoplasmie processes of nerve-cells and the fine rami: 
fications of the axis-cylinder processes of other cells. 

In 1896, Hill (204) from observations by the chrome silver 
method was led to regard it as at least possible that the 
thorns of the protoplasmic processes of the cells of Purkinje 
thay contain the ends of the SE Lee of the 
granules. 

In 1897 Held (202) ‘stated that he had observed in the 
adult a true concrescence, & relation of continuity and not 
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 simply-one of contiguity, between the terminations of a 
branch, of an axis-cylinder process, on the one hand, and the 
cell-body or protoplasmic process of another cell, on the 
other. He did not, however, consider that the existence of 
this relation disproves the doctrine of the neuron. In a 
later paper (203) he maintained that nerve-cells have two 
modes of direct union; firstly, that just referred to, and 
secondly by the branches of their axis-cylinder processes 
which terminate in a common’ pericellular network around 
, another cell. In this year (1897) Apathy (8) published an 
account of his remarkable observations upon the structure 
of the nervous system which constitute by far the ‘most 
weighty evidence that has yet been advanced against the 
neuron theory. I have not had access to Ápáthy's monograph, 
and know of his views chiefly through the very full recensione 
that has been given of it by Levi (268), and the critical paper 
of Barker (62). The following is & translation of Levi's 
` review in so far as it relates to the subject of this subsection: 
“Tn this work of more than two hundred pages, with nine 
plates, the author describes the results of more than ten 
years of research, results which until now he has com- 
municated only very summarily in short notes. The author 
promises to follow this paper with another, in which will be 
discussed the observations of preceding authors. He made 
his observations upon the central and peripheral nervous 
system of leeches and earthworms, and of certain vertebrates. 
The methods of technique adopted were the following :— 
Vital colouration by methylene blue; colouration in mass (of 
pieces fixed in sublimate) with hematein Ia; chloride of 
gold, making it act either upon fresh pieces, or upon pieces 
fixed in sublimate, or in other ways. The fundamental idea 
upon which the whole work is based is this: The nervous 
, system is constituted by two kinds of very different cellular 
elements, nerve-cells and ganglion cells. The first differ- 
entiate in ontogenetic development into conducting sub- 
stance, into primitive fibrils; the'second become adult 
ganglion cells, and are united by the fibrils. The paths 
which in the adult are traversed by the fibrils are already 
traced out at an-early period of developnient, and are repre- 
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sented by intercellular bridges. None of his methods, 
however, permit of the establishment of the precise moment 
at which the conducting substance is formed. The ana- 
tomical unit, truly specific of the conducting substance, is 
thus the primitive fibril, or neuro-fibril, which pursues un- 
interruptedly a very long course from the sensory cell, from 
` which it originates, to the ganglion-cell, which it traverses, 
and from there it passes to a second and to a third ganglion 
cell,.and then enters a muscular fibre. The neuro-fibril 
(primitivfibrille) is constituted by elementarfibrillen which 
are recognisable only when the fibril branches either in a 
ganglion-cell or in a termination; when this occurs it breaks 
up into its elementary constituents which, however, can 
unite again and form the continuation of the .neuro-fibril. 
Between the neuro-fibrils there are very numerous anasto- 
moses, represented, however, at least in the nerve-centres, 
"by very delicate fibrils, which are destroyed in Golgi’s pre- 
parations. Thus it is to be explained why hitherto the 
existence of such anastomoses has been denied. But not 
only between the peripheral fibres but also between the 
ganglion-cells there are anastomoses (cellular bridges). 
Another mode of union occurs by two' ganglion-cells sending 
their axis-cylinder processes into the same nerve-fibre. The 
author, it will be seen, believes that he has demonstrated 
with facts what Gerlach advanced only as a hypothesis. He 
maintains that his fundamental law of the continuity of neuro- 
fibrils can be demonstrated also in vertebrate animals.” 
Levi appends to his recensione some words of criticism 
both of these views and of the description given of the 
internal structure of the ganglion-célls. He thinks that 
Apáthy's observations on these subjects do not differ much 
from those made recently on the structure of the nerve-cell 
of the vertebrates. The great difference consists in the in- 
` ductions. The impression is aroused by the whole work that 
ihe author has wished to make these inductions uniform 
with a scheme. Certainly his observations often do not 
justify them. ` 
' The bearing of Ápáthy's observations upon the neuron 
theory is dealt with in another section (IV. 1). 
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Blanes (52) concludes against the opinion of Golgi and 
Monti that & nervous reticulum formed by the collaterals of 
certain cells can be demonstrated in the olfactory bulb. 

The numerous observations that have been made of the 
occurrence fof twin cells and cells with lobes united to a 
central portion by means of fibrillar bridges, need scarcely 
detain us here (see Rossi (487), Pugnat (993), Levi (262), 
Marinesco (822), van Gehuchten. (168) ). In some instances 

_they are to be explained'as arrests of. development, in others 
they appear to represent an exceptional but still normal 
condition in the adult, but in no case does their existence 
really affect the neuron theory. Capobianco and Fragnito 
(87) have recently maintained that direct connection of 
nerve-cells by their protoplasmic prolongations is a common 
histological feature, although one that does not readily admit 
of demonstration. They think that it cannot be sa pinen: 
as an error of development. 

Semi Meyer (846) has observed & new mode of connection 
of neurons in the nucleus of the sixth nerve, consisting in 
the termination of certain axis-cylinders in spherical or elon- 
gated swellings which rest upon the bodies of the nerve-cells. 
L. Auerbach (10-11) has recently, with the aid of a new 
staining méthod, observed that the nerve-fibres which ter- 
minate around a nerve-cell are not independent of each other, 
but form a close network running parallel to the cellular 
Surface. From this network short fibrils are given off which 
terminate upon the cell by little thickenings. They do not, 
however, establish any true EL with the fibrils of the 

. cell. 


(10) Morphological, Classification of Nerve-cells. 


In 1894 Nissl (863) maintained that the various arrange- 
ments presented by the chromatic substance in the proto- 
` plasm of the nerve-cells of the central nervous system 
permits of the distinction of different types of cell. In the 
following year (365) he developed this idea further, and gave 
an elaborate classification of nerve-cells according to their 
morphology. He divided them into :— 
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(a) Cytochrome nerve-cells, or granules. v 
(b) Karyochrome nerve-cells, or nuclear cells. 
. (c) Somatochrome nerve-cells, or cell-body cells. 

. The cytochrome nerve-cells are small elements which 
present only a nucleus, the protoplasm being indistinguishable 
(in preparations by Nissl’s method). The nerve-cells of the 
granular layer of the cerebellum are an SERIA of this 

class. 

. The , karyochrome, nerve-cells differ from di preceding 
only i in the larger size of their nucleus. Examples are seen in. 
the cells of the substantia gelatinosa of Rolando. 

The somatochrome nerve-cells have a cell-body which 
completely surrounds the nucleus, has a distinct outline and. 
contains a stainable substance. 

‘Virtually there are only two classes—the somatochrome 
and the karyochrome—the cytochrome cells being, merely a 
variety of the latter. 

Nissl divides the somatochrome cells into four groups, 
each of which again he divides into various types. The four 
groups are as follows :— ` 

(1) Arkyochrome nerve-cells.—The colourable constituent 
is arranged in the form of & net-work. 

(2) Stichochrome nerve-cells.—The colourable constituent 
is arranged in the form of parallel bands (motor cells, etc.). 

: (8) Arkyostichochrome nerve-cells.—he arrangement of 
a net-work and of parallel bands is combined. (Cells of 
Purkinje, etc.) XM 

(4) Gryochrome nerve-cells.— he colourable constituent 
consists of small granules. mE 

"Tt is scarcely necessary to enter into.the further details of 
this classification here. It has been much criticised, and 
little of it except its broad distinction of sómatochrome and 
karyochrome nerve-cells is now in general use. 

Van Gehuchten (168) thinks that the distinction between 
karyochrome and cytochrome cells is not justified, and that 
the division.of somatochrome cells into different groupe 
according to the special disposition of the chromatic 
substance has as yet only an exceedingly limited value. 
‘Colucci (88) thinks that the view of the nerve-cells obtained 
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by Nise¥s method is too one-sided to allow of a 'classifica- 
tion being based upon it: Levi (262) thinks that nerve- 
cells have as yet been too little studied to permit of a 
morphological classification of them. In his description 
of. the results of his comparative researches he retains. 
ihe classification of Nissl merely for convenience, stating 
at the same time that the criteria of his distinctions are 
different from those of Nissl. Marinesco (814) has justly re- 
marked that a rational classification of nerve-cells ought not 
to neglect either of the two organized elements of the cyto- 
plasm. A classification having for its basis the chromophile 
elements alone is incomplete. ` Goldscheider and Flatau (167), 

on the other hand, think that Nissl's classification i8 not yer 
sufficiently valued. 


AI) Structural Changes accompanying Modifications of 
Functional State. 


I shall deal here only with observations upon structural 
changes in the strict sense, leaving the subject of alterations 
in the form of the nerve-cell (amcsboidism or plasticity) to 
be considered in a later section. 

The observations of Hodge in this field, as well as those 
of the next two writers mentioned, do not fall within the 
period under review, but as they require to be compared with 
later work I notice them briefly here. 

In 1889 Hodge (196) described the changes produced in 
the sympathetic ganglia of frogs and cats by electrical 
- stimulation of a nerve going to one or more of these ganglia. 
He found in the nucleus decrease in size, irregularity of out- 
line, loss of open reticular appearance, darker staining; in 
the protoplasm, slight shrinkage, diminution of ‘power to 
stain or to reduce osmic acid, vacuolation; in the cell- 
capsule, decrease in the size of the nuclei. In 1892 he 
described the following changes as produced in the spinal 
ganglia and brain of birds by fatigue (197) :—Diminution in : 
‘size of nucleus, irregularity and jaggedness of its outline, 
darker staining of its reticulum, shrinkage of the cell-proto- 
plasm, vacuolation (spinal ganglia), and enlargement of 
pericellular spaces.. In 1892 Vas (510) found that stimula- 
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tion' of the cervical sympathetic of the rabbit. fdr fifteen 
minutes at a definite distance from the superior cervical 
ganglion, produced the following changes in the nerve-cells 
of this ganglion :—Increase in size of. cell-body,and nucleus, 
loss of chromatic substance around the nucleus and increase 
of it at the periphery of the cell, suggesting movement. of the 
granules to the periphery. Lambert (289) repeated the: ex- 
periments of Vas and confirmed his conclusions, except as 
regards the increase in the size of the cells and their.nuclei. 
In 1894 G. Mann (880) published an, account of his now 
well-known series of observations. .He commenced -by re- 
peating the experiments of Vas, employing,. however, a 
special histological technique of his own. in which was 
included staining with methyl blue and eosine a&nd with 
toluidin blue. He concluded that an increase in the size of 
- the ganglion cells and their nuclei does take place, but he 
could not convince himself of a shifting of the granules from 
. the centre towards the periphery of the cell. . The centre 
certainly became clearer, but this was to be attributed to 
other causes. He observed also an increased affinity of the 
nuclear hyaloplasm for eosine and slight diminution of the 
nuclear chromatin (instead of. an increase as described by 
Vas). The nucleolus enlarged and became at the same time 
‘paler. After prolonged stimulation the nuclei began to 
darken slightly and to shrivel, and the chromatic substance 
of the protoplasm was greatly diminished.’ Even in extreme 
fatigue, however, he did not find that the nuclei were darker 
than the protoplasm.. He also studied the cells of the motor 
cortex and spinal cord of fatigued dogs. In the cortex there 
was great. diminution of the chromatic substance of the 
protoplasm, swelling of the nucleus and pallor of the nuclear. 
hyaloplasm ; in the cord (lumbar region) the chromatic sub- 
: stance of the protoplasm was diminished in amount and 
pale, the nucleus was darker than the protoplasm instead of 
lighter, and at the same time homogeneous and shrivelled. 
In the retina of the dog fatigued by prolonged exposure to 
light, as well as in the centres connected therewith, he also 
observed distinct structural changes.. He summed up the 
conclusions derived from all these observations as follows :— 
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During rest several chromatic materials are stored up in the 
nerve-celleand these materials are used up by it during the 
performance of its function; activity is accompanied by an 
increase in the size of the cells, nuclei and ‘nucleoli of the 
sympathetic, ordinary motor and sensory ganglion cells; 
fatigue of the nerve-cell is accompanied by shrivelling of the 
nucleus, and probably álso'of the cell, and by the formation 
of a diffuse chromatic material in the nucleus. 
In:1895-Lugaro (238) made his important contribution to 
our knowledge of this subject. He reviewed the observations 
already recorded, and pointed out their contradictory character: 
"He maintained that the method of experimentation of , Vas 
could not be regarded as furnishing a comparison between 
the condition of repose and that of activity. On the one 
hand the cells of the sympathetic ganglion were in 2 state of 
normal activity, in the other they had been for a short time 
over-excited, or had suffered an abnormal form of excitement. 
. His own experiments consisted of variations upon those of 
Vas. To secure cells in æ state of rest he killed animals 
rapidly under chloroform, and allowed the ganglia to remain 
for some hours tn situ before fixing. He confirmed the 
conclusion of Nissl that the chromophile state of the nerve- 
cell is an artificial condition, and suggested that it is produced 
by the sudden action of alcohol.. He could not observe the 
changes in the chromatic substance of the protoplasm de- 
scribed by Vas. Variations in-the quantity of this substance 
in different states were only very slight, and were “subject 
to the incertitude of subjective . &ppreciations." Differences 
of chromatic intensity in the cells of the same ganglion 
certainly could not be exclusively attributed to differences in 
functional state. , Even in- ganglia which had been long 
stimulated, there could always be distinguished clear cells 
&nd dark cells, with all intermediate gradations. Hesummed 
up his conclusions as follows :—(1) Activity of the nerve-cell is 
accompanied by swelling of the protoplasm of the cell-body ; 
(2) fatigue produces a-progressive diminution in the size of 
the cell-body; (8) in moderate degrees of activity, while the 
protoplasm of the- cell-body i is swollen, the nucleus does not 
undergo any change in size; (4) when activity i is continuous 
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and long protracted, the nucleus undergoes modifications 
analogous to those of the cell-body, but less intense; (5) the 
quantity of the chromatic substance in the cell- -body varies 
especially as an individual character in relation to the size; 

nevertheless it is probable that the first phases of activity 
determine a slight increase in it, the later phases, accompanied 
by fatigue, a diminution and a more diffuse distribution; (6) 
activity of the cell determines in the nucleoli an increase of 
volume which gives way slowly to the reducing action of 
fatigue. In the same year Nissl (870) made a long com- 
munication upon this subject, in which he severely criticised 
most of the conclusions previously recorded. Two years 
before he had maintained that the different degrees of affinity 
presented by nerve-cells for basic stains, or differences in 
quantity of chromatic substance in the protoplasm, were 
probably due to the diverse functional states of activity and 
repose (360). In another paper (865), published early in 
1895; he distinguished these different degrees of colourability 
by the terms pycnomorphous, parapyonomorphous and 
apycnomorphous, applying the first to cells which stained 
very deeply, the third to those which stained very faintly, 
and the second to those which showed an intermediate 
intensity of colour. He stimulated the facial nerve with the 
faradic “current, and observed that there was afterwards a 
‘preponderance of dark cells in the nucleus of origin. He 
concluded that the pyenomorphous condition (which is to be 
distinguished from the artificially produced chromophile 
state in which the cell is still more deeply and very diffusely 
stained) represents a state of fatigue in the cell, and that the. 
apycnomorphous condition represents a state of relative 
repose. Thus he believed, contrarily to Mann, that the 
chromatic substance accumulates in the cell during its 
: functional activity. In his paper (870) dealing specially with 
this subject, however, he admits that the pycnomorphous 
condition must be regarded as the anatomical expression. of 
the resting state. But he maintains that the conditions 
which Hodge and Mann believed to be characteristic ‘of 
fatigue and exhaustion are artificially produced, and that the 
anatomical conditions characteristic.of these states still 
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require to be diruit He thinks that faradic stimulation 
` Should not,he used in such experiments, as it gives rise to 
changes which are to be attributed to chemical, thermic and 
. traumatic irritations. : ^" ; 

' . In 1896 Valenza (512) described the results of experi- 
ments upon the electric lobe of the triton.: He found that 
direct stimulation by strong faradic currents caused a 
hyperchromatosis of the nuclei of the nerve-cells, accom- 
panied in the slighter degrees by swelling, in the more 
severe degrees by contraction. Fatigue produced by currents 
of medium force never caused any alteration in the volume 
of the cells, of their nuclei or nucleoli. Eve (136) repeated 
the experiments upon the cervical sympathetic ganglia, and 
' also made, series of control experiments. He found that 
rest and activity caused very little difference in the histolo- 
gical appearances of sympathetic nerve-cells. The only 
change that he could detect as the result of protracted . 
activity was the occurrence of a slight diffuse blue staining 
of the cell-substance. His control experiments led him to 
attribute this diffuse staining to the formation of an acid in 
the cell and a consequent slight solution and diffusion of the 
basophile material. Pergens (412-413) found that in the 
retina of fishes the action of light caused diminution of the 
chromatic substance in all the strata below the molecular. 

In 1898 Pugnat (894-395), from experiments (electrical 
stimulation) upon the spinal ganglia of kittens, concluded that 
activity of the nerve-cell is accompanied by increase in the 
' volume of the'céll-body and nucleus, and by diminution of 
the chromatic substance of the protoplasm, and fatigue by 
' diminution of the cell and of its nucleus, &nd decrease in the 
amount of chromatic substance. F. Pick (401) stimulated 
the motor cortex of monkeys and cats with the faradic cur- 
rent in such a way as to cause unilateral contractions, thus 
producing fatigue of ‘the motor cells of the cord on one side 
only. He found that in the fatigued cells the chromatic 
substance of the protoplasm was diminished and broken up 
into fine granules, which were placed mostly at ‘the peri- 
phery of the cell.. The nuclei were shrunken. Luxenburg 
(276) ‘obtained results very similar to those of Pick by 
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stimulation of a crural nerve after hemisection of the cord 
and transverse section at a higher level. G. P. Pellizzi (410) 
has endeavoured to study the process of atrophy from sus- 
pension of function while the nutrition of the. nerve-cells is” 
preserved, by isolating & portion:of the frontal lobe in dogs 
without severing the essential vascular connections. He 
finds that the cell-body undergoes a progressive atrophy 
which slowly extends centrifugally to the protoplasmic pro- 
longations, which for & long time maintain their normal 
characters. The chromatic substance of the protoplasm is 
. preserved until the atrophy of the cell is advanced. In a 
later paper (411) he records some very important observa- 
tions upon the cells of the coeliac and mesenteric ganglia in 
‘dogs during the different stages of digestion, from which he 
concludes that the chromatic particles of the protoplasm 
become consumed during functional activity of the cell. 
Giuseppe Levi (260) has studied this question from a 
different point of view from that of the observers already 
mentioned. He endeavoured to investigate by a micro- ^ 
‘chemical analysis the intra-cellular products of the meta- 
bolism of the nerve-cell, and to study the qualitative and 
quantative modifications of these during the functional 
states, as had previously been done in the case of certain 
other tissues. His researches were made upon the 7th 
lumbar ganglion of rabbits. Activity was produced in the 
cells by faradic stimulation of the sciatic nerve. He used 
Hermann’s solution for fixation of the tissues, and stained 
by Galeotti’s acid fuchsine and methyl green method. 
These observations led to the discovery of the fuchsinophile 
granules of the nerve-cell, which Levi regards as a true 
product of metabolism. They are present in the normal 
cell and consist of exceedingly minute particles which are 
sometimes slightly elongated. ‘They are coloured bright red 
by the above staining method, thus contrasting sharply with 
the other elements of the cell, which are stained green. 
They lie in the interfibrillar, unorganised substance of the 
. protoplasm, but occur also, though. only in sinall numbers, 
in the nucleus. In the resting condition of the cells (attained 
by section of the sciatic nerve and examination of the 
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pagi after two dass) these granules.were diminished in 
numbérs. On the.other hand, after stimulation of the nerve 
they were greatly. increased in numbers and in size, many of 
them.appearing considerably elongated. The maximum was 
reached after stimulation for about two hours. 

Levi (266) has recently made another valuable contribu- 
tion. to our knowledge of this subject, consisting of a study 
of the changes occurring in the nerve-cells of cold-blooded 
animals during hibernation. It has been observed by him- 
self and Jacobsohn (223) that there are no appreciable 
structural modifications of the nerve-cells of warm-blooded” 
animals associated with this state. Bühler (41), in his work 
on the xíerve-cell, which was published shortly before Levi's 
paper, described certain special appearances in fresh sections 
of the spinal ganglia of the hibernating. frog, bot he did-not 
record any observations of changes recognisable in prepara- 
tions fixed and stained. Levi's studies were made chiefly 
upon the cells of the spinal cord and, spinal ganglia of the 
toad. His main conclusions are as follows :—The chromo- 
phile substance diminishes greatly during hibernation; in 
the spinal ganglia it at the same time becomes strongly 
basophile; it gradually increases when hibernation terminates; 
during: hibernation droplets of fat are present in the cyto- 
plasm, and the interfibrillar fuchsinophile granules are 
diminished. He concludes, after considering the question 
from many points of view, that these morphological changes. 
can only be regarded as an expression of the difference in 
the quantity of the functional energy that the nerve-cells are 
, capable of displaying in the hibernating state, the great 
diminution of the chromophile substance corresponding to 
the torpor and diminished excitability of the animals during 
winter, its increase to the vivacity which they exhibit in. 
spring and summer. 


(12) Physiological Regressive Changes. 


Granting that senility may be regarded as a physiological 
condition, there are certain nerve-cell changes constantly 
associated ‘with it which we may perhaps correctly designate: 
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by the above title. Hodge (198) studied these changes in 
man andthe bee, and observed not only alterations in -the 
nucleus and pigmentation and vacuolation of the proto- 


plasm, but algo a complete disappearance of a large per- 


centage of the cells. Pugnat (397), who supports the views 
of Hodge, has observed in the spinal ganglia of aged animals 
nerve-cells profoundly altered and invaded by leucocytes. 
The writer and Orr (457) have described the changes 
observed in the cortical nerve-cells in case of apparently 
uncomplicated senility in a woman aged 90. Most of the 


cells showed a large collection of yellow pigment in their ` 


interior, often replacing the greater part of the protoplasm. 
A large proportion of these cells appeared in other respects 
perfectly healthy, showing very clearly marked and abundant 
Nissl-bodies in the remaining protoplasm, and a normal 
number of processes. Very many of them, however, showed, 
further changes of a disintegrative character, consisting in 
progressive atrophy of the protoplasmic processes, shrinkage 
-of the cell-body and loss of its angular form, disintegration 
of the Nissl-bodies, and loss of their affinity for basic dyes, 
and disintegration of the nucleus. Finally there were left 
only a few stained granules representing the remains of the 
nucleus and Nissl-bodies, accompanied generally by some 
. scattered granules of yellow pigment. 

Many other writers refer incidentally to the pigmentary 
and other changes that occur in the nerve-cells in senility, 
but a systematic histological research upon the subject is 
apparently still needed. 

It seenis very probable that these regressive changes, 
which are typically seen in.senility, occur to a slight extent 
throughout life, increasing as age advances. There seems 
at least to be at present no other hypothesis’ that will ex- 
plain the presence of the occasional disintegrating cell that 
may be found in even the healthiest brain obtained under 

` the most favourable conditions. Luzenberger (285) observed. 
in the cerebral cortex of the guinea-pig cells of this nature 
in very limited numbers surrounded by quite normal cells. 

' He concluded that: their occurrence could not be accounted 


for by defects. of ‘technique, and that it could only be ex- 
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plained by supposing that in normal conditions a certain 
number of cells are in a regressive phase which ends in 
. complete destruction. He described this ‘involution of 
normal life ” as consisting in the homogeneous rarification 
of the cell with destruction of the nucleus. The writer and 
Orr (457) from their own observations have supported 
liuzenberger's hypothesis and insisted upon its practical 
importance. It would seem that even in the healthiest 
nerve-cell community there are some sickly individuals,— 
cells which from some cause, hereditary or acquired, have 
become unable to maintain a normal correspondence with 
their environment. : 

Marinesco (327) has recently expressed the opinion that 
nerve-cells, like all other cells, undergo, in proportion as 
the individual advances in age, a process of involution 
which causes the chromatophile elements to become reduced 
in volume and even to assume a powdery appearance. 


(18) Structural Features of the Nerve-Cells of different parts 
of the Central Nervous System. 


I shall here merely enumerate the more important 
references and give an abstract of the description given by 
the writer who seems to be the best authority upon each set 
of nerve-cells. 

Nerve-cells of the spinal ganglia.—The structural features 
of these cells have been specially described by Flemming 
(189-140-142), Nissl (360), Dogiel (118), R. A. Fleming 
(145), Liugaro (244-245-253), van Gehuchten (168-169), Levi 
(262), van Gehuchten and Nélis (176), Ramon y Cajal (486- 
434), Lenhossék (281-282), Huber (212), W. H. Cox (94-95- 
96), Heimann (210-211). I select the description given by 
Lugaro. He distinguishes in the spinal ganglia of the dog 
five types of nerve-cell:—(1) Clear cells of large size with 
small, often granular chromatic particles, which are scattered 
throughout the protoplasm, but which are slightly more 
abundant near the periphery internal to a narrow limiting 
zone almost deprived of them, sometimes also more abundant 
near the nucleus. The nucleus is large and clear, and has 
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almost always only one nucleolus., Around the nucleus there 
is always a narrow achromatic zone. These cells are fairly 
numerous. (2) Clear cells of large or medium size, with 
chromatic ‘particles of irregular form, small and dense, but 
larger near the periphery below an achromatic limiting zone. 
In these cells, as also in those of the preceding type, but 1D, 
a much clearer manner, it may be observed that the single 
particles are connected with each other by delicate processes. 
The nucleus has the same characters as in the first type. 
These cells are the most numerous of all. (3) Dark cells of 
small size with small and dense chromatic particles, which, 
“however, are larger around the nucleus with which they may 
be in contact. The clearer part of the protoplasm colours 
diffusely. The nucleus is diffusely coloured and contains 
often two or more nucleoli. These cells are somewhat 
numerous. (+) Clear cells of small or medium size with very 
large chromatic particles, which are small in number and 
confluent by means of more or less delicate processes. There 
is often more than one nucleolus. These cellg are not 
numerous. (5) Clear cells of large size, with long and 
coherent chromatic particles which are confluent with each 
other and disposed in layers arranged concentrically around 
the nucleus. These cells are the least numerous of all. 

Lugaro’s views with regard to the arrangement of the 
‘fibrillar part of these cells have already been stated [I. 3]. 

Cells of the columns of Clarke.—Marinesco (806) has 
briefly drawn attention to the peculiar characters presented 
by these cells. Many of them show a peripheral disposition 
. of the nucleus and chromatic elements confined to a peri- 
_ pheral ring. 

The normal structural features. of dag cella require 
‘farther investigation. , Numerous instances might be cited 
here in. which they have been described as morbid changes. 

Nerve-cells of the sympathetic ganglia.—These have been 
recently described especially by G. Mann (330), Dogiel (116), 
Apolant (14), Juschtschenko (224), Eve (136), Marina (851), 
Brukner (65), and Marinesco (322). I take the description 
‘given by Marinesco. 

The achromatic fundamental rr Or trophoplasm, 
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is remarkable in. that it presents a variable colourability, in 
some instances staining in an intense manner with basic 
dyes, in others remaining quite colourless. The achromatic 
organised ‘substance, or spongioplasm, is in the form of a 
network aam other nerve-cells. The meshes of this net- 
work may be wide or narrow. The chromatic substance of 
the protoplasm. in a very large. number of the cells is 
developed only at the periphery, leaving & more or less clear 
perinuclear zone. It has a granular aspect. A second type 
of cell occurs especially in the superior cervical ganglion. 
The chromatic granules are placed around the nucleus, while 
at the periphery of the protoplasm they are entirely absent. 
In a third type the chromatic elements are disseminated 
throughout the protoplasm, or arranged concentrically. A 
fourth type is constituted by certain twin cells (cellules- 
jumelles) which occur especially in the inferior cervical 
ganglion. They are sister cells placed in one capsule. They 
may be joined at one extremity, though only exceptionally. 
They generally differ considerably in size and in appearance. 

` The nerve-cells of the brain and those of the anterior and 
posterior horns of the spinal cord, scarcely call for special 
notice here, as there is probably little that could be added 
to the descriptions of them -that may be found in the text- 
books -already mentioned. Two excellent studies of the 
cells of the normal cerebral cortex will be found in the 
papers of Hammarberg (200) and Schlapp (488). 


II. EXPERIMENTAL PATHOLOGY OF THE NERVE-CRLL. 


` (1) Changes following Section of the Prolongations. 

Nissl (858), in the ‘communication in which he first 
described his methylene blue method, gave an account of 
` certain changes which he,had been able to observe by means 
of this method in the facial nucleus of the rabbit after 
: eruption of the nerve. The report above referred to was 
published in 1892, but the communication itself is stated to 
have been made in 1890. The morbid changes, which could 
be seen in the.cells within twenty-four, hours, consisted in 
breaking down and disappearance of the chromatin-bodies, 
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beginning at a particular part of the cell.” In two or three 
days they had proceeded much further, extending over the 
whole cell. ‘About the third day the protoplasmic processes . 
. became involved, showing shrinkage and loss of their chro- 
matin striation. By the fourth day there was a swelling of 
the whole cell, the contour of which at.the same time often 
appeared as if corroded. Later the, cell appeared very pale . 
and finely granular, and the nucleus moved to the periphery, 
sometimes projecting from the cell-body. ‘All the cells of 
the nucleus were not equally affected. Many normal cells 
remained beside the degenerated ones. In 1894 Nissl (862) 
published an account of furthér observations of the same 
kind, and described the procedure by which the lesions were 
produced as a new method of experimental research for the l 
nervous system by means of which it was possible to localise 
‘the various nerve-centres. He proposed to designate this 
method the method of primary irritation. His experiments 
were made upon the facial and other cranial nerves, and 
also upon some of the peripheral nerves. The changes 
described were essentially similar to those just detailed. He 
believed that the changes were the same whether the nerve 
was cut, excised or torn out, the essential thing being com- 
plete and continued interruption of the connection between 
the nerve and its centre. They reached their height in from 
eighteen to thirty days. After this they were stationary for 
a time, and then began ‘to be repaired. 'In fifty ‘or sixty 
days after rapture of the facial nerve the cells that had been 
affected could scarcely ‘be distinguished. Individual nerve- 
centres showed considerable differences in their mode of 
reaction. 

In 1895 Vanlair (516), from the results of a series of 
experiments upon dogs, concluded that division of & spinal 
nerve isin no case followed by any alterations in the structure 
of the spinal cord. His examinations were made from’ six 
months to two and a half years after the operation. Later ` 
in the same year Onuf (386) published an account of bis 
experimental investigations. His paper contains a valuable ` 
résumé of previous observations of æ similar kind, which, 
however, were mostly carried out with unsuitable staining 
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methods. He states that his own observations were made 
before he knew of Nissl’s work on the same subject. His 
experiments were made upon cats, in which he cut the 
anterior roots (sometimes also the posterior) of spinal nerves. 
He secured the cord in from three days to four weeks after- 
wards. He used chiefly a modification of Nissl’s older 
magenta method. The results of his independent observations 
agree essentially with those of Neel He found that in a 
large number of the multipolar cells of the anterior horn 
connected with a cut anterior nerve-root, and also in some in 
the opposite anterior horn, the differentiation of the chro- 
matophile and chromatophobe substance of the cell-body was 
lost, and that an appearance was produced corresponding to 
that described by Friedmann as ‘‘ homogeneous swelling.” 
He observed that this change began in a circumscribed 
portion of the protoplasm, and gradually extended to the 
cell-body and its processes, and that the nucleus became 
dislocated towards the periphery. He believed that the 
affected cells became completely destroyed. He described 
this as an acute change, which generally followed section of 
the nerve near the cell. He distinguished also a gradual 
change in which the cell assumed an appearance corresponding 
pretty closely to Nissl's chromophile state. It was generally 
produced by lesion of a motor fibre at a considerable distance 
from the cell. 

In 1896 Ceni (78) recorded the results of a series of ex- 
periments in which he cut the spinal cord of four dogs and 
examined the cerebral cortex in from 7 to 110 days later. 
The changes he described may be attributed, in part at least, 
to section of the prolongations of cortical nerve-cells. He 
found that in preparations by Golgi’s method certain of these 
cells presented an atrophic and varicose condition com- 
mencing at the extremities of the protoplasmic prolongations 
and extending gradually to the cell-bodies. The nervous 
prolongations were only affected at a very advanced stage, 
These changes were not uniformly distributed, but affected 
individual cells and groups of cells ın various portions of the 
cortex. After hemisection of the cord most of the cells affected 
were in the cerebral cortex of the opposite side. Marinesco 
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(805) described the results of his observations upon the nerve- 
- cells of the cord after section of peripheral nerves, confirming 
most of the conclusions of Nissl and Onuf. He divided the 
changes in the central end of the cut nerve and in the cell 
into two phases. In tbe first the central end of the nerve 
remains intact, while in the cell there is produced a réaction 
à distance, characterised by more or less complete dissolution 
of the chromatic elements of the protoplasm, a morbid 
‘change which he here designated chromatolysis ; in the 
second there is disintegration of the trophoplasm (a term - 
. which at this time he applied to the whole of the achromatic 





Fra. 10, 


Nerve-call of anterior horn of spinal cord of guinea-pig. Incipient 
chromstolysis from section of nervous prolongation. Reaotive phase. Bub- 
lmate, Thionin. Compare with Fig. 1. (Lugaro 242.) ; 


part of the cell) and changes in the central end of the cut 
nerve. The first is the degeneration of Nissl; the second is 
the degeneration of Hayem and Forel. These changes differ 
from Wallerian degeneration which has its seat in the peri- 
pheral end of the cut nerve. He was of opinion that some 
of the affected cells atrophied and disappeared. He further 
' maintained that these changes in the’nerve-cell, secondary to 
“injury of its’ nervous process, have special characters which 
permit of their distinction from primary lesions, that is to 
day from those produced by the direct action of a poison. 


' 
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Lugaro (242) described the results of experiments similar to 
those of Marinesco. He employed, in addition to thionin 
staining, the hematoxylin methods for the demonstration of 
the fibrillar portion of the protoplasm. He confirmed the 
descriptions given by Nissl and Marinesco of the changes in 
the chromatic part and also the inductions of the latter with 
regard to the behaviour of the achromatic part. His descrip- 
tion of the changes in the large cells of the anterior horn of the 
spinal cord following section of the sciatic nerve is as follows :— 
In the first phase of alteration (reactive phase) one observes 
disintegration of the chromatic part, starting from the ongin 
of the axis-cylinder ` the cell otherwise preserves its normal 
form and the nucleus its position. With hematoxylin it can 





Nerve-cell of anterior horn of spinal cord of guinea-pig after seotion of 
the nervous prolongation. Initiation of the degenerative p . Sublimato. 
Thionin.  (Lugaro 242.) 


be seen that the achromatic part, in tbe prolongations and in 
the cell-body, perfectly preserves its delicate striation, which, 
indeed, is often rendered more evident by the disintegration 
of the chromophile particles. In the more advanced stage 
(degenerative phase) the chromatolysis extends to the greater 
part of the cell-body, and the nucleus is distinctly displaced. 
The chromatolysis advances gradually to the protoplasmic 
processes. In hmmatoxylin preparations the delicate striation 
has now disappeared from those parts of the cell-body that 
are most altered, and from the protoplasmic prolongations 
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involved in the degenerative process. When the degenerative 
phase is at its height, the chromatic part appears powdery, 
and, the striation is completely lost. From an examination 
‘of the same tissues by Golgi’s method, he concluded that it 
is only with the initiation of the destruction of the cell (de- 
generative phase) that alterations become recognisable with 
this method. In this paper he referred, but only very briefly, 
to the changes that occur in the spinal ganglia after section 
‘of the sciatic nerve, stating that his experiments were as yet 
incomplete. In October of this year D A. Fleming (148) 
published an'account of what appears to have been the first 
very complete series of observations with Nissl’s method 
upon the changes in the cells of the spinal ganglia following 
‘ section of the sciatic nerve. The chief points that he was 
able to establish are as follows :—The cells of the ganglia of 
the posterior roots undergo distinct changes as the result of 
nerve section or ligature, and do so at a much earlier period 
than the multipolar cells of the cord, beginning probably as 
early as the fourth day, and certainly by the. seventh day. 
In both, one of the first changes to be observed is diminution 
in the size of the nucleus, sometimes also of the nucleolus; 
the nucleus frequently takes up an eccentric position. In 
` both, the Nissl-granules are either smaller in size and fewer 
in number, or ‘they are grouped together in large masses 
around the nucleus, leaving the periphery of the cell quite: 
clear. The pericellular spaces tend to become enlarged. 
An actual atrophy of the cell may also occur. In the multi- 
polar cells there is further a later phenomenon, consisting in 
marked disintegration of the cell-protoplasm. -This change 
follows only at a very late stage in the cells of the spinal 
.ganglig. It is to be noted that these observations were made 
upon rabbits and dogs. Colenbrander (97) described in thé 
_ cells of the anterior horn of the cervical cord of the rabbit, 
after section of the brachial plexus, changes corresponding 
essentially to those observed at a lower level after section of 
` the sciatic nerve. Lugaro (243) described his- important ob- 
servations upon the effects of partial mutilation of the ' 
nervous prolongations. The conditions necessary for this 
study he realised by section of the spinal cord at the junction 
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of the dorsal and lumbar portions. It is almost impossible 
to epitomise the conclusions of this paper. It can only be 
said here that chromatolytic lesions of various degrees of in- 
tensity were found above and below the point of section, and 
that their localisation was such as to suggest many valuable 
deductions regarding the connections and distribution of the 
various groups of cells. Itshould be mentioned also that the 
changes found in the cells of the cerebral cortex were very 
slight. In December of this year Lugaro (244) published a 
long account of his observations upon the alterations in the 
nerve-cells of the spinal ganglia, chiefly of the dog, in con- 
sequence of section of the peripheral or central branches of 
their prolongation. The first experiment consisted in the 
removal of a portion of skin and examination of the cells of 
the corresponding spinal ganglia after eighteen days. The 
greater number showed only more or less advanced chromato- 
lysis, without alteration or displacement of the nucleus. The 
affected cells were exclusively those of the two types of large 
clear cell. The next series of experiments consisted in ex- 
cision of the sciatic nerve at the level of the hip-joint and 
examination of the spinal ganglia after various periods. 
After twelve days more than half of the cells were affected by 
chromatolysis in various degrees. In the most advanced 
the cell-body was swollen, deformed, pale and filled with 
powdery remains of the chromatic part, the nucleus shrunken, 
deformed, displaced and deeply stained. Each land of cell 
Was affected excepting his fourth type. In a dog killed after 
thirty-nine days similar changes were observed, but there 
was an evident diminution ın the number of nerve-cells, and 
a prevalence of healthy cells. In some cells the degenerative 
process had gone on to complete destruction, in others 
repair had taken place. In guinea-pigs the changes were 
found to be more uniform, regular and slow, the degenera- 
tive phase not manifesting itself until after the twentieth 
day. Section of the posterior root between the ganglion 
and the cord produced no distinct changes in the cells of the 
ganglion. The results of section of the posterior columns 
of the cord served to confirm the conclusion that these cells 
are not morphologically affected by section of the central 
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branch of their prolongation. The author discusses at con- 
sidérable length the physiological deductions to be drawn 
from these observations. He concludes that it may be 
. supposed that the sensory element resents specially the sup- 
pression of external stimuli, the motor element the suppression 
of the discharge of the energy which it elaborates. 

In 1897 R. A. Fleming (144-145) published further 
accounts of his observations upon the changes in the nerve- 
cells of the spinal-cord and root-gangha after section or. 
ligature of the peripheral nerves. Marinesco (314-315), in 
the Rapport presented to the Congress at Moscow, deals 
very fully with the subject of secondary lesions of the nerve- 
cell, comparing the conclusions derived from his own 
observations with those of liugaro, with which they are 
essentially in accord. He distinguishes three phases in the 
‘changes that occur in the nerve-cell after section of its axis- 
cylinder,—the reactive, the degenerative and the reparative. 
The time of the onset of the reactive phase varies consider- 
ably in accordance with certain conditions. After section. 
of the hypoglossal‘in the rabbit, it could be observed in from 
two to three days; in the dog only after four or five days. 
' He states that he has observed slight reactive changes in 
the cells of the spinal ganglia after destruction of the nuclei 
of the posterior columns and of the neighbouring sensory 
fibres. He gives a description of the reparative phase as ` 
observed: in "Ais hypoglossal nucleus of the rabbit after 
section'of the nerve. It may be clearly observed in some 
;cells by the twenty-fourth day, when reunion of the ends of, 
_ -tho cut nerve commences’ to take place. The cells under- 

going repair &re increased in volume, and stain deeply, 
, owing to the density and large volume of the newly-formed 
chromatophile elements. After forty-six days a greater 
‘number of cells have become repaired. There are now no ' 
cells in the reactive phase, but there: are still many pale 
degenerated cells. After seventy-three days the density of 
the chromatic substance, and the volume of the cells under- 
going repair are still further increased. After ninety days 
the hypertrophy of the cells has attained its maximum. 
` After this they diminish in volume, and in an animal killed 
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after 111 days the hypoglossal nuclei of the two sides are 
indistinguishable from each other. The rapidity of the 
repair depends chiefly upon two factors,—the age of the 
animal (being more rapid in young animals) and the union 
of the two cut ends of the nerve. If union does not take 
place the number of cells that degenerate and disappear 1s 
increased. Van Gehuchten (169), in his paper, likewise 
communicated to the Moscow congress, gives a very minute 
description of these changes as observed by himself. He 
distinguishes two stages in the alterations that occur in the 
cells of the spinal cord, firstly that of the breaking down of 
the chromatic particles, and secondly that of their restitu- 
tion, The first stage is characterised by rapidly spreading 
destruction of the chromatic elements from the centre to 
the periphery, increase in volume of the cell and displace- 
ment of the nucleus. It begins about forty hours after 
section of the nerve, quickly attacks simultaneously all the 
nerve-cells connected therewith, and lasts from fifteen to 
twenty days. The stage of restitution then begins, in which 
the chromatic elements slowly form again and the cells 
exhibit & pycnomorphous condition. His conclusions differ 
radically from those of Marinesco and Lugaro, for he mam- 
tains that the changes observed are due merely to a simple 
disturbance of the cell which affects exclusively the chromatic 
substance. In effect he asserts that the occurrence of the 
degenerative phase has not been proved. He believes that 
destruction of cells is very slight, and to be attributed when 
it occurs to loss of the nucleus owing to exaggerated dis- 
placement from swelling of the cell. He states that in the 
cells of the spinal ganglia, on the other hand, reorganisation 
of the cell does not occur, but complete degeneration and 
destruction of it. He attributes this difference between the 
behaviour of the sensory cell and that of the motor cell to 
the fact that the former 1s deprived of the trophic influence 
exercised by its physiological excitement, while the latter is 
not. Ina later paper (170) he expresses similar opinions. 
He also states that he and Nélis have confirmed Lugaro’s 
observation that the cells of the spinal ganglia do not suffer 
chromatolysis 1n consequence of section of the central branch 
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of their prolongation. In another paper, (171) published in 
this year his own observations upon the effects of nerve- 
section are also related. In December of this year Liughro : 
(248) described the results of a further experimental investi- 
l gation òf the effects of section of the central branch of the 
prolongation of the cells of the spinal ganglia. He cut the ` 
posterior roots of several spinal nerves between the ganglion 
and the cord in two dogs, and examined the cells of the 
ganglia after six and twelve months respectively. In both 
cases the cells were quite normal in appearance. He dis- 
puted the opinion of van Gehuchten regarding the exclusive 
importance that is to be attributed to the trophic action of 
the stimuli that flow to the cell, and also dissented from the 
interpretation of the complete destruction of the cells of the. 
anterior horn a& & purely accidental result of nerve-section. ` 
After this time numerous papers were published describing ` 
researches upon the localisation of nerve-centres by means 
of the production of secondary chromatolysis. Among these 
papers there are to be mentioned the following:—Van 
Gehuchten (172) and Marinesco (819) on the anatomy of the 
facial nucleus; Marinesco (893) and "enn Gehuchten and 
Buck (178) on the motor nuclei of the lumbo-sacral cord; 
van Gehuchten (175) on the origins of the glosso-pharyngeal 
and vagus nerves; Marina (351) on the centres for the move- 
ments of the pupil; Bunzl-Federn (66) on the origin of the 
' vagus. 
Van Gehuchten (178) has recently published &n &ccount 
of some experimental researches the results of which, to a 
certain extent, contradict previous conclusions of himself and 
others. He made a large number of ‘observations upon, 
rabbits, cutting various peripheral nerves, and found that in 
‘no instance was the lesion followed by chromatolysis in the 
corresponding cells of the cord. Some of the cells, however, 
were found to be in & pycnomorphous condition. On the 
other hand he found that section of the cranial nerves always 
` produced chromatolysis in the cells of their nuclei of origin. 
He therefore concludes that the motor spinal neurons and 
the cranial neurons of the rabbit differ in their power of | 
resistance to traumatism of the axon. Marinesco (823), in 
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his paper on the motor nuclei of the spinal cord of the dog 
and rabbit, refers to these observations made by van 
Gehuchten. He himself obtained some simular negative 
results after section of spinal nerves. He therefore tried the 
effects of excision of a large portion of the brachial plexus 
and of eruption of nerves. He found, that the latter pro- 
cedure gave a constant, rapid and very distinct reaction in 
the nerve-cells of the anterior horns. The alteration pro- 
duced consisted in complete disappearance of the chromatic 
elements, while the nucleus and nucleolus were also distinctly 
affected. This condition he designated achromatosis, which, 
however, was not to be regarded as different from chro- 
matolysis, but merely as a specially severe form of it due to 
the intensity of the traumatism. He confirmed these con- 
clusions by further experiments upon dogs, of which an 
account is given in another paper (825). In still another 
paper (324) upon this subject he stated that the repair of 
nerve-cells affected by chromatolysis after section of a nerve 
depends upon the restoration of the continuity of the nerve. 
After resection or eruption of a nerve this continuity being 
permanently abolished there is atrophy and disappearance of 
the cells of the nucleus of origin. 

Marmesco (322) was unable to find chromatolysis in the 
cells of the cervical sympathetic ganglia after section of the 
cervical sympathetic in the dog. D. Mirto (887), however, 
obtained positive results. He found that after section of the 
intracranial and carotid branches of the supenor cervical 
ganglion, there was a severe and rapid chromatolysis in the 
cells of the ganglion, going on to complete disintegration of 
the chromatic substance. By the twenty-eighth day he 
observed diminution in the number of cells. After section 
of the cord (pre-gangliar fibres) the cells of the ganglion also 
showed chromatolysis, but it was comparatively slight in 
degree and in certain respects different in character. Marina 
(851), in his important researches upon the localisation of 
the centres for the movements of the pupil, found that the 
quantity of the degenerated cells in the ciliary ganglion was 
proportional to the extent of the lesions produced in the iris 
‘and ciliary processes. 


270  ORITIOAL DIGEST ` 


Wannei (522), after ‘section of the anterior roote of 
spinal nerves, observed in the corrésponding cells of the cord 
changes similar to those found by others after section of 
the nerve-trunk. In animals killed from ten to twenty-four 
days after section of posterior roots he found, chiefly on the 
corresponding side, severe chromatolysis which showed 
marked limitation to the postero-external group of cells in 
the anterior horn. He found comparatively very slight. 
. changes in the nuclei of origin of the third and seventh 

` cranial nerves after Section of the nerves. It is interesting 
to compare the above observation upon the effects of. section 
of the posterior roots with one made by Lugaro (243). He 
. found that some days after section of the spinal cord at the 
junction of the dorsal and lumbar portions the cells of the : 
postero-external group were specially (although not ex- 
. clusively) altered below the lesion, even as far as the conus 
`, medullaris. On the other hand, at some little distance above 
the lesion all the cells of the anterior horn -were intact. 
From these observations he drew the conclusion that these 
altered, cells are probably not cells of the anterior root, but 
neurons of the second order placed on the sensory tract. 
W. H. Cox (96) has given a description of the changes 
found im: the cells of the spinal ganglia of the rabbit which 
differs considerably from that of previous observers. He 
describes two types of cells each of which becomes modified 
in a different way. The cells of the first type suffer 
chromatolysis which is distinguishable after twenty-four 
hours. Those of the second type are still intact ‘up to the 
fourth day. Some days later, however; they present agglom- 
. eration of the, chromatic granules around the nucleus. He 
believes that the fibrils are never destroyed, and that all the 
. cells ultimately resume their normal structure. Marinesco 
(826) has recently very fully described the process of repair 
in.the cells of the hypoglossal nucleus of the rabbit after 
-~ chromstolysis- produced by section of the nerve. He con- . 
firms and amplifies his previous description (814). Foa 
(153) conclüdes that repair can occur in the cells of the 
hypoglossal nucleus even when the ends of the cut nerve do 
not unite. All the cells of centre affected do not recover ; 
some Sean "Se: 
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The effects of various poisons upon nerve-cells have 
recently been studied by & very large number of observers, 
not only with the aid of Nissl's method and its modifica- 
tions, but also by Golgi’s method, the haematoxylin method 
and others. The earliest observations of this kind conducted 
with suitable staining methods appear to have been those 
of Nissl (859) with lead and arsenic, of which an account 
was published ın 1892. The lesions that he observed and 
described were merely forms of those that are now grouped 
together under the term chromatolysis. He found that 
while in poisoning by arsenic the chromatic particles dis- 
solve and become pale by & process of vacuolation which 
makes them appear riddled with holes, and in consequence 
broken up, in poisoning by lead there 1s a progressive 
diminution of the chromatic particles which at the same 
time become more homogeneous and of sharper outline. 
At the same time, in the achromatic part there appear 
eranules which are quite distinct and deeply coloured in lead 
poisoning, pale and small in poisoning by arsenic (242). K. 
Schaffer (462) and Golgi (157) were also early investigators 
in this field. 

The subject of the nerve-cell changes produced by the 
very numerous toxines that have been employed is pro- 
bably most conveniently arranged under the individual 
toxines, and I shall therefore deal with it in this way 
discarding the purely chronological order. 

As important papers dealing with the general subject of 
these changes, the following may be specially referred to :— 
Lugaro (245-256), Nissl (871-374), Marinesco (314), Gold- 
scheider and Flatan (167), Jacottet (226), Babes (43), 
Nageotte and Httlinger (880-381), and Flatau (148). 

Nissl (871), on the basis of his more recent extensive 
investigation upon this subject, maintains that each 
poison gives rise to special lesions and affects certain 
kinds of cell to the exclusion of others.  Lugaro (245) 
states that in primary affections of the nerve-cells from toxic 
action the first to alter is the chromatic part; alteration of 
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the achromatic part follows with o rapidity which varies 
with the various toxic.agents and with the type of cell. 
Different poisons give in the same cell-alterations of different 
type; so also & given poison in the different categories of 
cells. ' ; 

. Arsenic.—The changes produced in the nerve-cells by 
this poison have been described by Nissl (359-371), K. 
Schaffer (462), Lugaro (245), Marinesco (314-315-316), 
Jacottet (226), Soukhanhoff (482), and Dexler (133). 

, Nissl’s . description has already been noticed. The 
observations of Lugaro require special reference. He 
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Gell of spinal genglion (dog) sho peripheral chromatolysis. Poisoning 
' with arsenic, Sublimate. Thionin. (Lugaro 246.) ^ 


induced slow poisoning with arsenic in two dogs which were 
- killed after forty-three and fifty days respectively. A large 
' number of the cells of the spinal’ ganglia showed peripheral 

chromatolysis in various stages... The achromatic fibrils 

were not affected, excepting at the periphery of some cells 
. in which the morbid changes were very advanced. The’ 
'' chromatic particles in the cells of the anterior horn of the 
‘spinal cord appeared riddled with holes, as described by 
Nissl. Many of these cells were, however, normal. -The 
achromatic part appeared asa rule intact. The small cells . 
of the columns showed an advanced chromatolysis with 
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involvement of the achromatic fibrils. In tissues fixed in 
Flemming’s solution some of the degenerated nerve-cells of 
the spinal ganglia and cord showed fatty granules in their 
protoplasm. Cox’s method showed absence of rosaries on 
the ‘protoplasmic prolongations and the presence of normal 
spinous appendages. The cells of the cerebral cortex showed 
relatively very slight alterations. In Cox preparations they 
appeared quite normal. In dogs allowed to live for fifty 
days after the cessation of the administration of arsenic, 
the cells of the spinal ganglia were mostly normal, but a 
few showed advanced degenerative changes, apparently 
having been unable to recover. Marinesco obtained a peri- 
pheral chromatolysis in the cells of the spinal ganglia, a 
more diffuse change in those of the cord. 

Lead.—The poisonous effects of the salts of this metal 
upon nerve-cells have been studied especially by Nissl (859- 
871), K. Schaffer (462), Liugaro (245), and Jacottet (226). 

The observations of Lugaro again demand special note. 
In the cells of the spinal ganglia of four dogs slowly poisoned 
with lead acetate, he fonnd, instead of peripheral chro- 
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Oell of spinal ganglion (dog) with advanced diffuse chromatolysis, Severe 
poisoning with lead. Sublimate. Thionin, (Lugaro 24b). 


, matolysis as in arsenic poisoning, a diffuse disintegration of 
the chromatic particles and progressive decolourisation of the 
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resulting ‘granules, accompanied is TN of the 
achromatic fibrils. ‘The protoplasm appeared clear, homo- 
geneous and scattered over with extremely. fine granules. 
The nuclei were also. more or less’ distinctly altered: The 
cells of the cerebral cortex likewise presented these’ changes, 
but in a less marked degree. ‘In preparations by Cox's 
method these cells appeared normal, except in one dog in 
which the chromatolytic changes were specially pronounced. 
In this animal many of them presence a EE of vari- 
cose atrophy. 

Silver Nitrate.—Donaggio (103) has found in TA killed 
"by administration of large doses of nitrate of silver a peculiar 
change in the cells of the anterior horns of the spinal cord, 
more especially in the external and median groups. The 
chromophile particles of the protoplasmic prolongations 
were faintly stained, while the body of the cell presented an 
appearance closely resembling the pycnomorphous condition 
of .Nissl. Many of the other cells of the cord showed 
advanced chromatolysis. While the cells of the cortex also 
presented this change, they showed practically no varicose 

atrophy with Golgi’s method. 

Phosphorous.—The effects of poisoning by this rte 
. upon nerve-cells have been investigated by Sarbo.(484), and , 

more recently by Rossi (439). The latter gave daily in- 
jections of solutions of phosphoroué in oil to three dogs, pro- 
ducing death in from six to fifteen days. Most of the nerve- 
cells of the Rolandic area showed only very slight disintegra- 
tion of the chromatic particles. In some, however, there 
were more marked changes, in consequence of which they 
appeared as if broken in pieces, while their cytoplasm con- 
tained a powdery detritus. Many of the cells of the cord, 
more.especially those of the anterior horn, showed advanced 
, chromatolysis. It is surprising that this writer makes no 
reference to the question’ of the occurrence of fatty changes 
‘in the nerve-cells of these animals. In a case of poisoning 
- by phosphorus-in the human subject, described by Elkins 
and Middlemass (187), very decided fatty degeneration was 
proved to exist in the-cortical nerve-cells, E both 
protoplasma and nucleus. S 
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Malonnitril. —Goldscheider and Flatan , (164-165-167) 
have observed disintegration . of the Niasl-bodies and deep 
staining of the chromatic substance of the nucleus in the 
cells of ‘the spinal cord of animals poisoned by this sub- 
stance. Injection of hyposulphite of soda, by which it is 
possible to arrest the symptoms .of malonnitril poisoning, 
was: followed by restoration S the cells to their normal 
appearance within three days.- ‘ 

Alcohol.—The changes EE by this substance ave 
been investigated experimentally by Vas (511), Dehio (126), 
Berkley (22-25 26-27), Marinesco (814-815-316), Jacottet 
` (226), &c 
:. Dehio observed slight disintegrative changes in the 
chromatic part of the cytoplasm, and staining of the 
achromatic part, in many of the cells of Purkinje of rabbits 
and dogs killed by acute alcoholic poisoning. Berkley 
(22-27), in chronic alcoholic poisoning,in rabbits, observed 
some dissolution of the Nissl-bodies in the cortical nerve- 
cells only in the neighbourhood of obstructed vessels. In 
| preparations by his modification of Golgi’s silver method he 

, Observed marked and widespread changes in the dendrites, 
consisting of varicosity and atrophy, and structural altera- 
tions or complete loss of many of the gemmule. Marinesco 
described various forma of chromatolysis in the cells of the. 
spinal cord in chronic poisoning in the dog. Jacottet 
observed similar changes i in the cells of the cord and ppinal 
ganglia. - 

Strychnine. — Goldscheider and Flatau (164-166), in 
poisoning by this substance, found in the nerve-cells of the 
cord changes similar to those that they have described in 
experimental tetanus. 

Toxine of Tetanus —The nerve-cell EE caused by 
the toxic products of the tetanus bacillus have been studied 
experimentally by Marinesco (808-314-815),  Chantemesse 
and Marinesco (99), Goldscheider and Flatau (164-166-167), 
Babes (48), Courmon, Doyen: and Paviot (80), Vincenza 
(509), &c. 

Marinesco has observed in. some of the nerve-cells of 
the anterior horn of the spinal cord of guinea-pigs, subjected 
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to the action of tetanic toxine, lesions different in character 
from any that he has found in other intoxications. The 
animals were killed some time before death would naturally 
have gupervened, ‘and the cord was removed at once and 
placed in fixing solution. In guinea-pigs allowed to die 
from the effects of the toxine the characteristic lesions 
were not seen. The altered cells show two quite distinct . 
parts. One is darkly and opaquely stained, and its normal 
structural features are scarcely recognisable. It is placed 
upon that side of the cell which gives origin to the 
axis-cylinder process, which itself appears granular and. 
intensely stained. The protoplasmic processes given off 
from this part show an irregular and even sinuous contour. . 
The other portion of the cell-body preserves an almost 
normal' appearance, as do also the protoplasmic prolonga- 
tions arising from it. The nucleus is generally enlarged 
and somewhat diffusely stained. He states that Nissl 


'. and Beck have described ‘similar ‘lesions in experimental 


tetanus. He maintains that it is necessary to distinguish 


_ two independent phenomena in nerve-cells subjected to the 


action of the tetanic poison, one a result of the chemical 


, combination of the poison with the cellular ‘protoplasm, 


and the other due to the wearing opt of the cell from 
excessive functional activity. He agrees with -the ‘con- 
clusion of Goldscheider, that the tetanic poison does not 


„exercise upon the nerve-cell & simple exciting action, but 


induces a chemical transformation which exalts the excita- 
bility of the motor substance. Goldscheider and Flatau 
give a different description of the changes in experimental 
tetanus, a fact which is to be accounted for by an essential 
difference in the mode of experimentation. They state that 
tetanus poisoning in' rabbits causes characteristic changes 
in the cells of the anterior horns, consisting in an increase 
in the size of the nucleolus together with’ pallor of it, 
increase in'size of the Nissl-bodies and crumbling, of them, 
and lastly fine granular disintegration of the Nissl-bodies 
along with enlargement .of.the whole cell. ` They found 
that the injection of tetanus anti-toxine retarded . these 
cell-changes, and caused a more rapid return to normal. 
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Chantemesse and Marinesco found that simultaneous 
injection of tetanus toxine and anti-toxine resulted in 
no appreciable symptoms, but some modifications were 
recognisable in the nerve-cells. Courmon, Doyen and 
Paviot, from experimental results of their own, have 
endeavoured to discredit the observations of Marinesco, 
denying that tetanus toxine produces any alterations in 
the cells of the anterior horns. Vincenza, using Golgi’s 
method, found varicose atrophy of the cells of the cerebral 
cortex. 

Toxine of Rabies.—The nerve-cell changes produced by 
rabies have been studied experimentally by Golgi (157), 
Marinesco (314-316) and Caterina (86). In 1894 Golgi de- 
scribed in rabbits inoculated with the virus of rabies, 
various alterations in the form and structure of the nerve- 
cells. Some were slightly swollen, transparent and faintly 
stained. Others presented vacuolation and considerable 
increase in volume. He also described a vesicular degenera- 
tion in which the cell was swollen to several times its 
normal size; and a granulo-fatty degeneration which 
presented a very advanced phase of the morbid process. 
Preparations by his own black reaction method showed pro- 
gressive atrophic changes beginning in the protoplasmic 
prolongations and invading the cell-body. Some of the 
axis- cylinders presented varicose swellings. Marinesco 
observed severe peripheral chromatolysis and occasional 
vacuolation in the nerve-cells of the cord of rabbits which 
had died from rabies. Caterina found similar changes in 
the guinea-pig. 

Toxine of Bubonic Plague.—lLiugaro (246) in two rabbit, 
and a guinea-pig killed by inoculation of the virus of 
bubonic plague found severe chromatolysis of the nerve-cells 
of the cord and spinal ganglia. The achromatic portion of 
the protoplasm was affected. The nuclei were shrunken 
and obscured, presenting the acute homogeneous change 
described by Sarbó. Babes (42-43) found similar changes in 
guinea-pigs and mice. He states that the bacilli of plague 
are occasionally to be observed within the nerve-cells. 

Diphtheria Toxine.—In 1895 Crocq (78) described in the 
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seeds of STEEN killed. by injections of cultures of 
Lóffer's bacillus changes corresponding to a severe type of 
chromatolysis. The cells of the anterior horns of the cord : 
were first affected, and afterwards those of the lower part of 
thé medulla oblongata. Ceni (74) described the occurrence 
of varicose atrophy of the nerve-cells of guinea-pigs and : 
rabbits in experimental diphtheria. Babes (48), who has 
also studied these changes experimentally, mentions the : 
_ interesting fact that he has found that the injection’ of large 
quantities of diphtheria anti-toxine is capable of producing 
distinct alterations in the cells of the anterior horn of the 
spinal cord in rabbits. Mouravieff (848), in guinea-pigs 
subjected to the action of diphtheria toxine, observed well- 
marked changes confined to the nerve-cells of the anterior 
horn of the spinal cord. They consisted of chromatolysis, 
principally peripheral, vacuolation of the cell-body and its 
prolongations, a corroded appearance of the edges of the 
cells, and sometimes loss of the nucleus. In a later paper. 
s (349) he described some comparative observations upon the 
effects of streptococcal infection, and also of the combined 
' action of diphtheritic and streptococcal toxines. 
|. Tozines of Bacillus Botulinus.—Marinesco (810- 314-815) 
has studied the changes produced in the nerve-celis of lower 
animals by these toxines. He observed severe degrees of 
chromatolysis, generally commencing peripherally. As the 
morbid changes advanced there was destruction of the ` 
achromatic fibrils and formation of vacuoles. The cells of 
the spinal cord and medulle oblongata were chiefly affected. , 
` Kempner and Pollack (234) have found similar changes in 
the nerve-cells, and have further observed the slow restora- 
Don of the cells to normal under the action of the specific 
anti-toxine. 
. The following papers still require mention here :—Mtiller 
. and Manicatide (852) upon poisoning by acids; Berkley 
(28) upon ricin poisoning ; Pandi (409) and Vas (511) apon 
poisoning by nicotine, &c.; Daddi (111) and Pandi (409) 
. upon cocaine poisoning; Sarbd (484) and Saratschow (461) 
upon morphia poisoning ; Mourek and Hess (855) upon the 
effects of numerous different poisons; Koster (235) upon 
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_ carbon bisulphide poisoning; Borri (63), poisoning. by car- 
bonic oxide and by sulphuretted hydrogen; Dóllken (132), 
aluminium; Gabei and Antinori (194), urine, ammonium 
carbonate, &c.; Crisafulli (88) and Wright (523), potassium 
bromide ; D. Mirto (838), nenne ` Brauer (59) and Dong 
S mercury ; D. Mirto (836) latirismo. 


WS Changes produced, by other See Lesions. 


Many of the changes dealt with in this subsection (more 
especially those occurring in inanition, pyrexia, uremia, 
and ansemia) are of the greatest practical importance, as 
- they tend to complicate the pathological picture in cases 
of nervous disease in the human subject, and therefore 
require to be recognised and discounted before conclusions 
of any value can be formed regarding the relation of 
‘morbid appearances in the nerve-cells to the special 
clinical symptoms. 

4Inanition.—The changes in the nerve-cells in this con- 
dition have been studied by A. Monti (291-292), Pernice 
and Scagliosi (406), K. Schaffer (465), Lugaro and Chiozzi 
(258), Ganfini (186), Daddi (112), and Müller and Mani- 
catide (852). ; 

Monti, using the method of Golgi, observed. varicose 
atrophy of the protoplasmic prolongations. Pernice and 
Scagliosi observed in fowls deprived of water alone com- 
plete disappearance of the chromatic substance and vacuo- 
lation; with Golgi’s method deformity of the cell-bodies 
and fragmentation of the dendrites. K. Schaffer observed 
in the nerve-cells of the cord in rabbits chromatolysis, 
vacuolation, and the homogeneous change of Sarbó in the 
nucleus. The lesions were specially severe in animals 
-deprived of water as well as of food. Lugaro and Ohiozzi, 
from observations upon dogs and rabbits killed after various 
periods of starvation, concluded that the nervous elements 
remain for a long time intact, or only show slight altera- 
tions in‘ the chromatic substance. These alterations are, 
however, aggravated. during the few days preceding death. ` 
The achromatic substance and the nucleus may also become 
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involved. Varicose atrophy.of the protoplasmic prolonga- 
tions is always slight, and is not preceded by loss ol the 
spinous processes. They think that’ the lesions observed 
are not an. expression of atrophy of the nervous elements, 
but that they are the result of a true auto-intoxication, 
which becomes rapidly, aggravated in the last days of life 
through simultaneous alterations in the structure of the 
various viscera. Ganfini found in the rabbit chromatolytic ` 
` changes in the cells of the cord, but not in those of the’ 
‘cerebral cortex. Daddi has studied the subject in dogs, 
and obtained -results corresponding very closely to those 
‘of Lugaro and Chiozzi. He thinks, however, that the ` 
changes depend upon general ‘denutrition, and not upon 
auto-intoxication. 
Insomnia.—Daddi (110) in experimental insomnia in 
dogs found especially in the cortical nerve-cells more or 
less advanced chromatolysis, swelling of the cell-body, and, 
vacuolation of the protoplasm. The method of Golgi also: * 
. revealed varicose atrophy of the protoplasmic prolongatons | 
and disintegration'of the cell-body. The nucleus also pre- 
sented marked structural changes, and in many instances 
was displaced to the periphery of. the protoplasm. Agostini 
(1) independently carried out similar experiments and 
observed practically the same morbid changes. 
e Ablation of: the Supra-renal Bodies.—Ettlinger ind 

Nageotte (379) observed-in dogs subjected to this experi- 
mental lesion advanced chromatolysis and formation of 
fissures in the, nerve-cells of the cord. Similar, but less 
pronounced changes were found in the cells of the cerebral ` 
cortex. Donetti (113) in rabbits and guinea-pigs’ found 
‘this lesion followed by peripheral and concentric chroma- 
tolysis, going on frequently to complete destruction of 
." the cells. Whe changes were most advanced in the medulla. 

` oblongata. 

. Esperimental Uramia. —Acquisto and Pusateri (16) in 
' dogs which died as the result of ligature of the ureters, found 
varicose atrophy affecting specially the pyramidal cells of 
the cerebral cortex, and various phases of chromatolysis, 
' often very advanced, in the cells of the cerebral cortex and 
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spinal cord. Sacerdotti and Ottolenghi (459), ‘after ligature 
of thé ‘ureters- or nephrectomy in dogs, and rabbits, found 
changes in the nerve-cells essentially the game as “Enos? 
described by the preceding observers. 
ae Experimental Anemia.—Sarbd (485) found that one 
hour after ligature of the abdominal aorta the nerve-cells of 
-the spinal cord showed disintegration of the chromatic 
substance of the cell-body, and ‘‘ homogeneous swelling " of 
_ the nucleus, Marinesco (305) observed peripheral chroma- 
. tolysis'of the nerve-cells of the cord five to six hours after 
ligature of the abdominal aorta. The nucleus remained 
central. In a'later paper (807) he described these changes 
more fully. In advanced: stages he found the nucleus 
, altered. The achromatic network of the protoplasm was 
. disintegrated and replaced by vacuoles and even cavities. 
' In another paper (314) he regards the morbid changes as 
` essentially the result of oadema of the nerve-cell. Ballet 
and Dutil (85) ‘observed’ changes very similar to those 
described by Marinesco. They found that commencing 
dissolution ‘of the chromatophile elements could be recog- 
nised after the abdominal aorta had been compressed for 
only a few minutes. In advanced stages: they often found 
the nucleus eccentric in position: Jatta (227), from’ the 
results of experiments upon rabbits, dogs and cats, has 
questionéd the accuracy of the conclusions of previous 
observers. His work has been severely criticised by Lugaro, 
and’ itis doubtful if any importance is to be attached to it. 
'Boukhanoff (481), using the method of Golgi, observed 
varicose atrophy of the protoplasmic prolongations of the 
cortical nerve-cells after ligature of both carotids. 
Experimental Elevation of Temperature.—Goldscheider 
and Flatau (164-165- -167) studied the influence of the ele- 
vation of the body-temperature in rabbits (by placing them 
in a thermostat) upon the nerve-cells of the spinal cord. 
They found that marked changes occurred as soon as the 
temperature of the animals was raised to 48° C. (109°5° F.). 
In preparations by Nissl’s method the Nissl-bodies had 
almost completely disappeared. The cell-body was swollen, 
homogeneous and stained bright blue. It contained some 
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minute granules, and presented also the appearance of a. 


thread-network. The dendrites were pale blue and swollen, 
somewhat varicose and shadow-like. The nucleus was also 
more or less altered. Temperatures of from.41'7° to 42° C. 
(107-108° F.), if maintained for about three hours, produced 
similar but less distinct changes. The cells returned to 
normal in from two to three days. Lugaro (250) studied 
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` Oel of anterior horn of spinal cord of rabbit. ental elevation of 
‘temperature, ‚Compare with Fig. 1. Sublimate, ionin. (Lugaro 250.) . 


these pyrexia changes throughout the nervous system in 
the;rabbit and dog. Summing op the results of his obser- 
vations he states that the nerve-cells of animals of which 
the temperature has exceeded 43° present the following 
characters :—Profound disintegration, very marked dissolu- 
tion of the chromatic part ; integrity of the achromatic part, 
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- the reticulo-fibrillar structure of which is often rendered 
more evident than in the normal state; integrity of the ex- ` 
ternal form and: of the morphological characters of the 
protoplasmic and nervous prolongations ` integrity of: the 
nuclear membrane and reticulum, diminution of the cólour- 
-ability (with thionin) of the acidophile portion of the 
nucleolus; and slight modifications of form in its chromatin 
particles. A feature of the morbid change is that (anlike 
chromatolysis from most other causes) it is diffused through- 
out all the cells in an almost equal degree. Moxter (335), 
in experiments upon the effects of the local application of 
heat after trephining of the cord in rabbits, found that with 
temperatures between 40°6° and 41:5? changes occurred in 
the nerve-cells of the anterior horns only after twenty-two 
and a-half hours. Marinesco (827), who has recently also 
' made an experimental enquiry into this subject, thinks that 
the alterations resulting from -artificial elevation of tempera- 
ture may be divided into three groups, according to the 
height and duration of the abnormal temperature. The 
first type of alteration results from the action of a maxi- 
mum of heat (reaching about 47°) and a minimum of its 
duration (forty. minutes), and consists in a dissolution of the 
chromatic substance only at the periphery of the cell. The 
second results from the action of a less degree of heat (the 
temperature of the animal varying’ during the experiment 
from 43° to 45°), extending over a considerably longer , 
. time, and consists essentially in those lesions ‘described by 
the previous observers, except that the chromatophile 
elements ‘are not always completely dissolved. The third 
results from the action of a temperature of about 44° for 
several hours, and consists of a still more severe lesion. 
The cell ‘stains very, deeply, has an opaque appéarance, and 
has lost all trace of chromatophile elements. There has in 
this instance probably been a coagulation of the protoplasm, 
a lesion which is equivalent to the death of the cell. Ewing 
' (185) records some experiments upon rabbits, which he 
states bear out completely the conclusions of Goldscheider 
and Flatau regarding the structural changes produced. 
The bearing of these.experimental observations upon the 
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stoe. of nerve-cell changes in the human subject,has been 

. Incidentally allyded to by several writers (162-846a) includ-, 
ing those mentioned above, but the point is one that seems 
still to require careful investigation. It is obvious that in 
the human subject'the action of the elevated temperature 
must in’ the great majority of instances be complicated by: 
that of toxines generated in the course’ of the particular 
disease with which the pyrexia is associated. In other 
words, pyrexia-changes in the nerve-cells of the human 
subject must as a rule be SEH „with La E of 
toxic origin. 

Death from cold.—D. Mirto (339), in pups GE be the 
action of cold, found peripheral chromatolysis and other 
changes in the nerve-cells throughout the nervous system. 
The pyramidal cells of the cerebral cortex were those most 
affected. Goldscheider and Flatau (167) could find no 
changes in the cells of the cord in rabbits which died as the 

‘result of subjection to low temperatures. 

Death by electricity.—Corrado (98), in. dogs killed is 
shocks of from 10 to 30 ampères, found very severe lesions 
‘affecting the nerve-cells. The cell-bodies showed erosions, 
notchings, lacerations and mutilations; the cell-outline was. 
more or less diffuse, as if melted, or plainly irregular. Occa- 
sionally there was an appearance suggesting that part of 
the protoplasm had been burst out from one side of. the cell 

by the sudden evolution of gas. The chromatic substance 
‘had undergone dissolution. ` Vacuolation was frequent. ` 
Changes in the nucleus were for the most part slight.: With 
‘Golgi’s method the protoplasmic processes showed varicose 
atrophy and numerous fractures, with disintegration ‘of the 
. fragments. Some of these processes, but especially the 
apical, tended to have a spiral appearance, suggesting’ 
contraction. 
» Among other experimental lesions of which the effects 
upon the nerve-cells have been studied are the following :— 
Cerebral abscess: (Barbacci, 30), abdominal and thoracic 
traumatism (Parascandalo, 414), cerebral traumatism (Lu- 
zenberger, 285), slow asphyxia (Dotto, 180), intestinal auto- . 
‘intoxication (Cristiani, 69, Alessi, 21). ' 
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"à Proliferative Capacity of the Normid. 
- This question, which i is one of considerable physiological 


' m pathological importance, was for a long time & subject 


ER 


of dispute. Tt has, however, been recently most thoroughly 
worked out by Giuseppe Levi, thanks to whom it now rests 
upon- a satisfactory scientific basis. , Most of the previous 
observations upon which were founded assertions of the . 
capacity of the nerve-cell to proliferate are necessarily of 
doubtful accuracy, since the histological methods employed 
did not permit of a distinction being clearly made between 
herve-cells and neuroglia-cells. It was not until Levi had 
analysed the constitution of the resting nuclei by means of ^ 
staining with: Biondi's reagent that trustworthy criteria for 
such a distinction were provided. 

Friedmann (188), Caporaso (77),  Vitzou (514), and 


Tedeschi (504) maintain that they have ‘observed the re- 
' ‘generation of nerve-cells; Friedmann (188), Marinesco 


(801), Sanarelli (477), and Tedeschi (504) believe that they 
have observed karyokinetic figures in nerve-cells either 
during repair or irritation.. Marinesco (301), Sanarelli 
(477), Tirelli (494); and Monti and Fieschi (294) have been 


‘ unable to obtain evidence that the nerve-cell is capable of 


D 


regenerating. . j 

Golgi (157) observed karyokinetic changes. in the nerve- 
cells in experimental rabies, but thought that they repre: 
sented rather a regressive process of kariolysis than a true 


"keryokinesis. Valenza (512) was unable to observe any 


evidence of karyokinesis in the nerve-cells of the electric ` 
lobe of the triton- after stimulation or cauterisation. In 
1895 Stroebe (476) published a review of the literature of 
this subject. A 

In 1896, Levi (261), after ilis publication of his first 
paper upon, the ‘normal structure of the nucleus, briefly 


- related some observations made with Biondi's staining upon 


healing aseptic wounds of the cerebral cortex of the guinea- 


_ pig. Among the abundant karyokinetic figures found espe- 


cially in the healthy tissue surrounding a wound, many 
were in nuclei which could be proved to be those of nerve- 


cells.from their staining reactions as well as from other 
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evidence. A complete account of his researches upon this 
subject was only. published last year (264). In this more 
recent paper he states that the object he specially set before 
him in his researches was to study the process of karyo- . 
kinesis in nerve cells, admitting that it occurs, and to 
observe what deviations from the normal it presents. The 
methods of observation employed were those already indi- 
cated, but experiments were made upon the spinal cord as 
well as upon the cortex. He states the criteria which 
‘served him for the distinction of the nerve-cell nuclei from 
those of neuroglia and other cells. He found that the 
process of karyokinesis in the nerve-cells has, in its early 
phases, certain. special features dependent upon the peculiar 
structure of the nucleus. It is doubtful if it would serve 
any purpose to endeavour to describe this process here. 
Anyone who desires to understand the matter must neces- 
sarily consult the original paper, and follow the description 
of the process with the aid of the beautiful coloured plates 
by which it is illustrated. Levi has only been able to 
observe karyokinesis in the medium-sized and small pyra- 
midal cells of the cortex of the guinea pig. He could not 
find it in very highly differentiated nerve-cells, such as the 
large cells of the cord and brain. Although he has never 
observed complete division of a nerve-cell, he is inclined, 
from the advanced stages of karyokinesis that he has 
observed, to think that it can occur. It is probable, how- 
ever, that such multiplication of nerve-cells is simply a 
reaction to the stimulus that has affected them and that 
it does not lead to a stable regeneration. In favour of this 
view is the fact noted by several observers that the prolif- 
eration of the nerve-cells is most active from the second to 
the fifth day, afterwards diminishing gradually and ceasing 
about the twentieth day. He thinks that very highly differ- 
entiated nerve-cells, when affected by & stimulus, undergo 
degeneration instead of attempting to multiply. Their 
reproductive capacity has become lost in favour of that of 
fulfilling their special function. The index of this loss of 
reproductive capacity is probably the paucity of nuclein, 
which, as has been seen, diminishes with the higher differ- 

entiation of the cells. i 
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(b) Postmortem Changes in Nerve-Cells. l 
This subject, the importance of a thorough knowledge of 


"which to the neuro“pathologist must be obvious, has recently 
: been atadied experimentally by several observers. Tireli 


(497) i in his lengthy work upon the chronology of the death 
of the-elements of the nervous system, which is chiefly. of 


‘medico-legal: interest, states: that nine hours after death 
“ there can be observed a diffusion of the chromatic substance 
_ into the achromatic part of the protoplasm. The cell-body 


then assumes a finely granular aspect throughout. Accord-- 


S ing to Colucci (89) the chief' alterations area diffuse granular 
disintegration of all the cell-elements excepting the nucle- 


olus, pale and turbid staining with methylene blue, loss of 
affinity for this stain in tracts of the prolongations, rupture 


‘of the protoplasm in various directions in many cells, Zo 


Neppi (377) studied the cadaveric alterations in the cells of 
the anterior horn ‘of the spinal cord of the dog, using 
sublimate fixation and thionin staining. He could not find 
distinct changes until forty- eight hours ‘after death. They. 
consisted chiefly in dissolution of the chromophile substance 


-(the particles of which first showed badly defined outlines 


and then diminished affinity for the stain) and diffuse 


colouration of the nucleus. The nucleolus was only affected 


at a very late period. The cells tended to shrink and not to 
swell as in chromatolysis:. Barbacci and Campacci (29) 


-have made a very elaborate series of observations upon 
.  vabbits killed be bleeding and afterwards kept at a uniform 
. temperature of 22° C.- After various periods they examined : 


different portions of the central nervous organs by the 
methods of Nissl (sublimate-thionin modification), Cox and 
Marchi. Their description of the changes observed’ is full 
of minute details of which it is impossible to give an 


‘accurate epitome. ‘They state that the first alteration as a 


rule consists in the progressive paling of the chromatic 


` ‘particles. These next generally break up into fine granules 


which become smaller and smaller, giving the protoplasm a 


‘ characteristic powdery look ; sometimes, on the other hand, 


there is a fusion of the particles into irregular masses. 
Later the protoplasm assumes: pale, finely granular appear- 


` 
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`t 


ance and tends to lose its regular 'outline.. "The nucleus : 


undergoes a dropsical change which leads to its rupttire 


end shrinkage. It then appears as an irregular homo- "| 
geneous mass which stains deeply. The nucleolus only: at ` 


a very late stage becomes pale, irregular in form and dis- 


placed. In preparations by Cox's method there is detach- 


ment of the gemrhule, erosion and breaking across, of the . 


protoplasmic processes and cell-bodies. Deier the whole 


<; element assumes a very characteristic powdery aspect. 


Giulio Levi (269) has also carried'out a vary careful investi- 
. gation into'this subject upon rabbits, using the sublimate- 
thionin method. His results differ from those of the pre- 


ceding observers, chiefly in regard to one point. He: 
‘describes an initial hyperchromic phase, or" a condition of. 


abnormally deep staining of the chromatic elements which 
precedes that of pallor and fragmentation. Franca (150) 
has obtained in ‘guinea-pigs results which are essentially in 
agreement ‘with those of previous observers. Tirelli (498) 
has recently made -a comparative study of the appearances 
of cadaveric and pathological changes in the’ brain of' the 
rabbit with the aid of the rapid silver method, His results 
are not ‘at all in accord with those obtained by Barbaeci and 


` “Campacci with Cox's method, to which, however, he does ` 


not refer. . He finds that even somewhat advanced putre- 


faction does not deprive the nerve-cella of their characteristic ' 


aspect in silver preparations. An excellent account of these... 


cadavetic changes has been given by Ewing, both in his 
` preliminary communication (184) and in his comprehensive 


monograph upon ganglion cells (135). In his first paper be ` 


notes especially deep diffuse staining of the nucleus at an. 


early stage, shrinkage of it and of the nucleolus ig advanced 
_ stages ` granular subdivision of the EE Ger and 
reticulum, without actual loss of chromatic substance, 


' which gives to the .cell-body a characteristic uniformly ` 


'. granular appearance. ‘In his more recent work, he deals 


with the subject still more fully and describes some experi- 
 mehtal observations upon the rabbit. In addition to the 


&bove changes he mentions the occurrence: of vacuoles in : 


the protoplasm which as believes to be one of me most con- 
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stant of post-mortem products. The writer and Orr (457) 
have described and figured these post-mortem changes as 
observed in the cortical nerve-cells of the human subject in 
methyl violet preparations, and have pointed out how they 
are to be distinguished from genuine chromatolysis. 


: Til. Trpzs or MORBID CHANGE AFFECTING THE 
NERVR-OELL. 


(1) Chromatolysts. 


The term ''chromatolysis," introduced by Marinesco 

(805), implies, strictly speaking, merely disintegration of 
the chromatic particles of the protoplasm—breaking up of 
the aggregations of granules that form the Nissl-bodies 
and gradual disappearance of the individus] granules, 
accompanied in transition stages by their diminished 
affinity for basic dyes. But it has been frequently used 
in & wider and more general sense, namely, to indicate 
the whole series of changes in the constituent elements of 
the cell, of which dissolution of the chromatic particles is 
merely the first that is recognisable. The term has there- 
' fore in the meantime its narrower and its wider senses. 
I use it here only in its narrower sense. 

The various causes of chromatolysis, and the different 
appearances that it presents, have probably already been 
sufficiently illustrated in the preceding section. It remains 
for me-here merely to briefly notice certain general facts 
and opinions regarding the morbid process, and to refer to 
its occurrence in the human subject. 

Chromatolysis may be peripheral, perinuclear, or diffuse ; 
partial or complete. It may occur as an acute or ap a 
chronic change. Comparatively little, however, is known 
about its chronic forms, owing chiefly to the ‘greater 
difficulties which they present in the way of experimental 
investigation. A typical example of chronic chromatolysis 
is that which occurs in senile involution of the nerve-cell. 

The mechanism and significance of chromatolysis have 

‘given rise to much discussion. The following papers con- 
tain special reference ps this subject :—Lugaro (242-250), 
VOL. XXII. 19 
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Marinesco (812-314-827), van Gehuchten (170-178), Gold- 
scheider and Flatau (164-165-167), Ballet and Dutil (85). 
In 1896 Lugaro (249) stated that the exact mechanism of 
' chromatolysis was still uncertain and obscure. The matter 
can scarcely be said to stand otherwise to-day. Regarding 
' the significance of chromatolysis much has recently been 
written. Itis to be remembered that the function of the 
Nissl-bodies is stil in dispute, and it is therefore only to 
be expected that the significance of their disintegration 
should also be & matter of difference of opinion. In the 
paper just referred to Lugaro maintained that alterations 
of the chromatic part do not represent more than a reaction 
of the cell to a disturbing force and are reparable; while | 
on the other hand alterations of the achromatic part are to 
be regarded as degenerative and irreparable. This view, 
" which had been foreshadowed by Marinesco (805), has 
since been very generally accepted as in accordance with 
the facts. Goldscheider and Flatau, from their observa- 
tions upon the occurrence cf chromatolysis in experimental 
pyrexia and in malonnitril poisoning, were led to maintain 
that the Nissl-bodies have no great importance either for 
the vitality or the functional activity of the cell, and that 
chromatolysis has little significance as s pathological 
change. An animal with its motor cells thus markedly 
altered was still able to perform all kinetic functions. 
Lugaro (250) states that he cannot, accept these opinions 
' in their entirety. According to his own - observations, 
although the motor functions may be preserved apparently 
intact in experimental pyrexia, with the progress of-ihe 
alterations there is a motor weakening. The chromatic 
part fulfils its functions through its chemical, not through 
its morphological, structure. Its quantitative and struc- 
tural integrity is not essential for motor function, yet its 
progressive dissolution causes progressive weakening of 
that function. The morphological conditions nécessary to 
function consist in the structure of the achromatic part 
‘and in the connections between the various nervous 
elements, determined by the disposition of the cellular 
arborisations. While these morphological conditions are 
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preserved, the possibility of functional activity is also 
preserved, but its intensity depends upon the quantity of 
the chromatic’ substance existing in the cell This sub- 
stance has, without doubt, an important and indispensable 
. pars in the functional metabolism of the element. 
Marinesco (327) has supported Liugaro's opinion in this 
matter, and has expressed himself even more emphatically 
with regard to the importance of the chromatophile 
elements for the vitality and functional activity of the 
cell. His own experimental observations have led him to 
conclude, contrary to the opinion of Goldscheider and 
Flatau, that cells that have reached a state of absolute 
achromatosis cannot recover. 

Chromatolysis has been observed in the human subject 
in a very large number of different morbid conditions. 
Indeed it is now known that it occurs in some degree in a 
proportion of the nerve-cells of almost every individual 
dying a natural death. Even in non-nervous diseases it 
is very commonly an extensive and well-marked morbid 
change in the cells of the cerebral cortex, spinal cord, &c. 
In such cases it is to be attributed to the action of toxic 
substances generated in the course of the particular disease, 
to pyrexia, terminal auto-intoxication, or to local vascular 
lesions (286). At the same time abundant evidence has 
now been accumulated of the special incidence of chromato- 
lysis in various forms of nervous disease. A list of recent 
papers dealing with the morpid changes in the nerve-cells 
in various diseases in the human subject is appended to this 
section. In practically all of these papers that describe the 
results of examinations with the method of Nissl, as most 
of them do, there will be found recorded the occurrence of 
disintegration of the chromatic elements of the protoplasm. 


(2) Achromatolysis or Plasmolysis. 


These terms have been applied by Marinesco (314) to 
one of three different morbid changes which have been 
recognised by him and others to occur in the constituent 
elements of the achromatic part of the cytoplasm, either 
simultaneously with or consecutive to chromatolysis in the 
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narrower sense. He describes it as consisting of a mole- - 


cular disintegration of the achromatic substance. It is to 
be observed that he does not restrict the terms to disintegra- 
tion of the formed or fibrillar ‘portion of this substance. 
Loss of the primitive fibrils and their replacement by: . 
powdery granules is, however, practically the only visible 
alteration in achromatolysis. It was Lugaro (2429) who 
first described this alteration, and he has since given, 
several minute descriptions of it as observed in various 
experimental EE more especially in GEES pre- 
parations. 


(8) Coagulation of the Achromatic Biases: 


"This is the second lesion of this part of the cytoplasm 
distinguished by Marinesco (814). He describes it as con- 
sisting in the coagulation, and probably the chemical trans- 
formation, of the achromatic substance into a colourless 
mass of vitreous aspect. It is most typically seen in the 
cells of the spinal cord after ligature of the abdominal norta; 


(4) Tabu Colourability of the. Achromatic Substance. > 


This is the third morbid change distinguished by 
Marinesco (814) in this substance. It is displayed especially 
in preparations by Nissl’s method and its modifications, and 
has been noted by several observers, more especially in 
poisoning by arsenic and antimony, and in Landry’s 


‘paralysis. : 


(5) Varicose Atrophy. ; 
This term has been applied to certain morbid appearances 


. Sometimes to be observed in the nerve-cells in preparations 


by Golgi's method and its modifications. It consists in the 
presence of irregular swellings or varicosities in the course - 
of the protoplasmic prolongations, partial or complete dis- 
Appearance of these prolongations and shrinkage and deform- 
ity of the cell-bodies. It is certain that such abnormal 
appearances in Golgi preparations may be the result of 
genuine pathological changes in the form of the cell; but it. 
is equally certain that many of its slighter manifestations, | 
more especially varicosities, may be, &nd in many published . 
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_ descriptions have been, of a purely artificial character. It is 

to be borne in mind that the presence of varicosities on the 
protoplasmic prolongations is normal in the fœtus. Loss of 
the gemmule has sometimes been referred to as a distinct 
morbid alteration, but it can scarcely be separated from vari- 
cose atrophy. The subject is one of considerable import- 
ance and therefore I give a somewhat detailed account of its 
literature. 

In 1898 Colella (91) described the occurrence of varicose 
changes in the nerve-cells in general paralysis. In 1894 
Golgi (157) described similar alterations in experimental 
rabies. They resembled those that he had described in 
chorea in 1874. Ceni (71) found them in secondary degen- 
eration of the cord, Andriezen (12) in alcoholic insanity. 
Klippel and Azoulay (4) in general paralysis and melancholia. 
The last-named authors stated that the alteration began as an 
abrasion of the gemmulsm, or as an agglutination of them, 
and that it spread gradually from the periphery of the proto- 
plasmic prolongations towards the cell-body. 

In 1895 Berkley (22) described changes similar to those 
just mentioned in chronic alcoholic poisoning in rabbits. In 
another paper (24) he recorded the observation of the loss of. 
& large number of the gemmule in secondary dementia, 
Ceni (72) described varicose atrophy in the cells of cerebellum 
after lesions of the cord, Tirelli (495) in the cerebrum of 
general paralytics, and of epileptics dying in: status 
. epilepticus, Pernice and Scagliosi (405) in diphtheritic in- 
fection, Monti (290) in experimental embolism, and (291) in 
inanition. : 

In 1896 Demoor (107) described the production of vari- 
cosities upon the protoplasmic processes by the action of 
morphia, chloral and chloroform, as well as by that of,pro- 
longed electrical stimulation, and their disappearance on the 
return of the elements to normal conditions. Berkley (26) 
gave a further account of the varicose change’ in the cor- 
tical nerve-cells of rabbits subjected to chronic alcoholic 
poisoning, describing especially a distinct diminution in the 
size of the cells, a shrinkage of the vast majority of them, 
_ swellings of the dendritic processes with disappearance of 
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the gemmule, and roughening of the ssronger processes and 
to a less extent of the cell-bodies. At the same time, he 
drew attention to certain “ normal inequalities or varicosities 
in the construction of the dendrons.” ` In another paper (27) . 
he described thé changes produced by experimental acute 
alcoholic poisoning as revealed by his modification of Golgi’s 
silver method, mentioning specially irregular tumefaction of 
the protoplasmic processes, and considerable loss of the 
lateral buds, with or without-such tumefaction. Dotto (128) 
described varicose atrophy in chronic poisoning by perchloride 
of mercury, and (129) by quinine and ergotinine; Ceni (73) 
in the cells of the cerebral cortex after section ‘of the spinal 
cord in dogs, and (74) in diphtheritic poisoning (chiefly 
experimental). Lugaro (242) drew attention to the difficul- 
ties that surround the employment of Golgi’s method in 
pathology. He stated that alterations simulating varicose 
atrophy were readily produced by defects of fixation, such as 
commonly resulted from the use of bichromate of potassium 
either alone or with osmic acid. He recommended the use 
of Cox’s solution, even with which, however, ‘the pieces 
: should not exceed 1 cm. in thickness. He attributed to such 
imperfect fixation the results obtained by Demoor, whose ex- 
periments he had repeated with totally negative results. All 
these reservations, however, did not prevent the acceptance 
of varicose atrophy as a real anatomical alteration, as it had 
been observed in experimental material examined with the 
most rigorous technique. Its exact value could not yet be 
established. ` It could be excluded, however, that it expressed 


‘a simple disturbance of the nutrition of the element, or an - 


initial alteration. It probably represented & final destructive 
procéss which revealed itself first in the most delicate parts. 
Ramon y Cajal (428) also drew attention to thé production 
.of these varicose changes by defective methods of examina-: 
tion. Acquisto and Pusateri (16) observed varicose atrophy 
of many of the cells of the cerebral cortex in acute experi- 
mental uremia. 
In 1897 Sacerdotti "T Ottolenghi (459) confirmed the 
immediately preceding observation. Dotto and Pusateri 
(181), from a study of ihe cortex in a case of cerebral 2 
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hemorrhage, supported the opinion of Lugaro that vari- 
cose atrophy represents not an early, but a late phase 
of alteration in the nerve-cells. Lugaro (245), in his 


d 


s, 





^ 


Fra. 15. 

Pyramidal cell of cerebral cortex of dog. Severe lead poisoning. Cox’s 
method, (Liugaro 245.) , i : ; 
investigations of the changes in poisoning by arsenic and 

e lead, obtained further important evidence in support of: 
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this conclusion. He found that even when there are 
distinct cytological alterations the external form of the 
nerve-cell, as revealed by Cox’s method, may appear quite 
intact. When alterations did appear they affected specially 


the cell-body and large protoplasmic trunks, and notwith- ` 


standing their presence the fine branches and the gemmulm 
might be preserved. ` He expressed himself as more than 
ever doubtful of the pathological value of swellings in 
the form of & rosary, preceded by loss of the spines and 
` invading the protoplasmic prolongations progressively. He 
had been able to prove that such varicosities could be pro- 
. duced in enormous numbers by the employment of fixatives 
that are not very energetic and of too. thick pieces of tissue. 
Further, he believed that mechanical maltreatment of the 
. pieces and their subjection to the action of the air could 
produce similar modifications. In support of the latter 


point, he referred to the fact that Ramon y Cajal (428-429) | 


‘had been able to demonstrate that the “numerous vari- 
cosities which appear in preparations by the, Ehrlich- 
Dogiel method in all prolongations of the nerve-cells are 
due to ‘the altering action of the air. Lugaro adds that 
sometimes in normal preparations treated with all possible 
precautions, there are to be observed some prolongations with 
the characters of the so-called varicose atrophy, which are 
certainly due to some cause of alteration that has escaped 
notice. Lugaro and Chiozzi (258), in their observations 
upon the changes resulting from inanition, found that 
varicosity occurred only at a very late stage of the cellular 

, alteration, and that it was not preceded by disappearance 
of the spinous appendages. 

In 1898 Monti (298) described, in the nerve-cells of animals 
subjected to inanition, varicose atrophy proceeding regularly 
from the extremity of the dendrites towards the cell-body. 
He maintained that the dendrites were the first to undergo 
alteration in inanition, and that there exists a _ perfect 
correspondence between this alteration and chromatolysis, 
both of which were to be observed in disturbance of the 
nutrition of the nerve-cell. This paper elicited from Lugaro 
. (249) a very vigorous criticism, which, however, was not « 
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directed solely against the views just mentioned. He main- 
tained that the appearances described were nothing more 
: than artificial products depending upon errors of technique. 
In his observations upon experimental pyrexia (250), he 
found that the extreme chromatolysis thereby produced 
is not accompanied by any alterations of the protoplasmic 
prolongations in Cox preparations. Batty Tuke (503) has 
recently accepted as demonstrated the loss of the gemmulse 
‘of the dendrons under the action of disease. It must be 
.replied that, however probable such an occurrence is, the 
evidence that has yet been adduced in support of it is not 
decisive. Peters (413a) concludes that the gemmule are 
diminished in correspondence with the degree of intellectual 
decadence in the insane. Wright (523) describes varicose 
changes in the cortical nerve-cells in accidental and experi- 
mental poisoning by potassium bromide. Soukhanoff (481) 
describes gross changes in the form of the protoplasmic pro- 
longations in experimental cerebral anemia, and Corrado 
_(98) mr: death by electricity. The writer and Orr (457), 
following essentially the technique advocated by Lugaro, 
have observed in the human brain in various pathological 
“conditions occasional varicose changes corresponding to 
those recognised as genuine by that authority. Demoor 
(107-108) Stefanowska (474), Querton (417), Manouelian 
(800) and Odier (889), have described varicosities of the 
protoplasmic processes, with or without disappearance of 
' the gemmulm, as evidence of contraction in various fanc- 
tional modifications of the nerve-cells. On the other hand, 
. Azoulay (3) has been unable to obtain such evidence, and 
Lugaro (959), by injection of the vessels of the living brain 
with Cox's fluid, has also obtained results contrary to the 
conclusions of these observers. 


(6) Varicose Hypertrophy of the Acis-cylinder Process. 
This is another morbid appearance that may not infre- 
quently be observed in preparations by Golgi’s method. It 
consists, as the name that has been given to it implies, in 
globular, fusiform or irregular swelling in the course of the 
, axis-cylinder process. It was first recognised by Golgi in 


208 - CRITICAL DIGEST 


. 1874 in chorea, and afterwards in rabies (157). Oolella (91) 
believes that it is sometimes & primary change in general 
paralysis. In 1896 Lugaro (242) expressed the opinion that 
it was improbable that the condition could be separated 
from lesions of the cell-body, but at the same time seemed 
to doubt if it was a genuine pathological alteration ai all. 
Numerous incidental references to these varicosities are 
also made in other papers, but the. subject seems to be one 
that still requires ‘to be placed upon a sound scientific basis. 
The writer and Orr (457) have described and figured a more 
gross change in the axis-cylinder processes in’ the human 
. brain in various pathological conditions, and have expressed 
the opinion (which, they believe is in agreement with that 
of Lugaro) that simple swellings in the form of a rosary 
are not necessarily pathological alterations at all. Ilustra- 
tions of these varicose changes will also be found in the 
text-book of Clouston (100). 


(7) Pigmentary or Yellow-globular E 


Neurologists in this country have been made familiar 
with the gubject of pigmentary degeneration of nerve-cells 
more especially through the writings of Bevan Lewis. On 
the Continent comparatively little importance is attached 
‘to this transformation, about the only recent writer who 
deals with it at any length being apparently Colucci, who, 
however, objects to the term ‘pigmentary ” and adopts that of 
“ yellow-globular degeneration.” The nerve-cell pigment in 
. normal conditions has already been considered in another sec- 
tion (I. 5), which should here be referred to by the reader. | 

Pilez (892), in his important work on nerve-cell pigment, 
states that the pale yellow variety continues to increase 
‘with age in the human subject. This statement is'con- 
, frmed'by many other observers. Hutchison (209) does 
` not accept e Lewis's statement that the accumulation 
of pigment is "invariably a witness to byegone functional 
hyper-activiky."'. . He has found such accumulation to be 
the rule rather than the exception in the human brain. He 
believes that pigment is specially increased in renal disease, 
and that it is not more abundant in the insane than in the 
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` mentally dee "Phe views of Colucci em upon this - 


subject do not appear to be so well known in ‘this country 
as they deserve to be. He objects to the term ‘ pigmentary. 
degeneration ” on the ground that it is not proved that the 
globules are true pigrnent granules, and that it is probable: 
that they are really a product of metabolism in the cell. 
He thinks that all the elements at the spot are probably 
involved in the transformation, as every trace of the original 
structure disappears. He describes the appearances that 
the globules présent in normal and pathological conditions. 
The criterion of degeneration is especially their appearance 
in portions of the cell that are not normally provided with 


' them, as at the base of the protoplasmic prolongations and 


in the peripheral zone. Occasionally the nucleus becomes 


‘affected. The yellow globules undergo various transforma- 


tions, the most common being fatty and pigmentary de- 
generation. In the latter they may become quite black. 
He thinks that yellow-globular degeneration is most marked 
in slow dementias such as epileptic dementia and general 


‘paralysis. Lugaro (245), in experimental lead poisoning in 
the dog, observed in the cells of the spinal ganglia and 


cerebral cortex the occurrence of yellow pigment granules, 
which are normally wanting in these elements in this 
animal. Adolf Meyer (844) has described the various mani- 
festations of pigmentary degeneration in the giant cells of 


‘the para-central lobule. Cristiani (68), Turner (498) and 


Lord (289a) have published papers in which pigmentary 
changes are described as observed in the brains of the 
insane. Bevan Lewis (272), in the second edition of his 
important text-book, has recently given a very full account 
of his views regarding “ pigmentary or fuscous degenera- 


' tion.” He holds to his opinion that excessive pigmenta- 


tion is a witness to byegone fanctional hyper-activity, and 
does not notice the criticism of Hutchison. He maintains 
that the fuscous state is not truly a degeneration of the cell- 
protoplasm, although it may, be accompanied by it, or ‘be its 


-immediate cause., He gives a minute description of the 


various phases of ‘excessive pigmentation, which he divides 


into three stages or periods, namely, those of over-activity, 
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diminished activity and absorption. Epileptic insanity and 
general paralysis are the forms of mental disease in which 
he ‘has found the nerve-cells most prone to this’ morbid 
change. 

It remains to be added that pigmentary BC is 
obviously identical with one or more of the slowly progres-. 
sive or chronic forms of chromatolysis, and that the fact of 
real importance in the morbid alteration is not the accumu- 
lation of an abnormal quantity of yellow granules, but, the 
associated destruction of the spongioplasm and trophoplasm. 
The present state of our knowledge of the subject does not, : 
however, permit of a definite conclusion as to which of these 
changes is the primary one. 


(8) Vacuolation. 


Vacuolation of nerve-cells has recently been the sub- 
ject of special papers by Campbell (84) and Skae (458), 
and it has also been considered somewhat fully by Colucci 
(89), van Gehuchten and Buck (178), Bevan Lewis (272), 
and Ewing (135). Its occurrence has farther been inci- 
dentally described by Daddi (109) in passive congestion, 
by Piccinino (899) ‘in a case of Landry’s paralysis, 
Ceni (75) in experimental acute septic meningitis, by 
Corrado (98) and Fish (147) in death by electricity, by.. 
‘Marinesco (320) in paraplegia, by Berger (53), and Anglade 
(15) in general paralysis, by Soukhanoff (482) in arsenic 
poisoning, by Köster (235) in carbon:bi-sulphide poisoning, 
and by Sarbé (485) and Marinesco (807) after ligature of the 
abdominal aorta, and by many others. 

It would serve little purpose to give an outline of the 
views expressed regarding vacuolation in each of these pub- 
lications, for it is the plain fact that,no satisfactory investi- 
gation upon this morbid change has yet been recorded. 
The truth of this contention is fully recognised, by van 
Gehuchten and Buck, who, after reviewing the literature of 
vacuolation and stating practically all that is definitely known . 
about it, conclude that further research is required on the 
subject: before precise statements can be made regarding it. . 

The. 'important facts that have been established may be 
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summed up in a few words. Vacuolation may affect either 
the nucleus or the protoplasm, or both; it consists in the 
formation in the cell-substance of one or more, small or 
large, non-colourable globules which are probably most 
commonly of a fluid character, although the observations of 
Corrado demonstrate the possibility of their sometimes being 
vacuoles in the stricter sense of the term ; when fluid in char- 
acter; they may almost certainly be composed of essentially 
different substances in different instances. They are un- 
doubtedly composed of fatty matter in:certain instances, 
but the assertion that they are, as a rule, of this nature has 
not been satisfactorily proved, and is probably erroneous. 
The various causes that determine their formation, the pro- 
cesses of their development, the associated changes in the 
chromatic and achromatic substances of the protoplasm and 
in the various constituents of the nucleus, and their patho- 
logical significance, have yet to be determined. 


(9) Fatty Degeneration. f 

. The possibility of-the occurrence of fatty degeneration 
in nerve-cells as in other cell-elements seems now to be 
satisfactorily demonstrated, although at one time it was 
denied. Elkins and Middlemass (137) observed it in an 
extreme form, affecting both pratoplasm and nucleus, in 
“a case of phosphorus poisoning. It seems certain that 
vacuolation in some of its manifestations depends upon the 
formation of fatty globules ; it has been noted also that in 
. pigmentary degeneration the yellow globules are capable of 
* undergoing a fatty metamorphosis. Lastly, Lugaro (245) 
and others have observed fat granules in nerve-cells affected 
by chromatolysis. 


(10) Displacement of the Nucleus. 


In advanced stages of chromatolysis (in the wider sense) 
the nucleus tends to become displaced or dislocated to the 
periphery of the protoplasm. It may come to project be- 
yond the surface of the cell, and occasionally, according to. 
some authorities, may even be completely extruded. Lugaro- 
has maintained that the true significance of this displace- 
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. ment of the nucleus is that the achromatic reticulum, which 
normally holds the nucleus in its generally central postion, 
has become destroyed:: 


. (1) Homogeneous Degeneration of the Nucleus. 

_ In 1895, Sarbd (485) described in the cells of the spinal 
cord, affected by chromatolysis after ligature of the abdo- 
minal aorta, a peculiar change affecting the nucleus and 
characterised by a homogeneous aspect, deep staining with 
methylene blue, and atrophy. He designated it acute 
Homogenesirung mit atrophie. This expression cannot be 
rendered literally in English, but probably it is sufficiently 
represented by “ homogeneous degeneration.” Many writers 
in describing similar appearances of the nucleus in various 
morbid conditions identify them with this change described 
by Sarbd. Among these writers may be mentioned Colucci 
(90), Donaggio (108), and Lugaro (246), the last of whom 
briefly indicates the parts that the acidophile and basophile 
„constituents of the nucleus appear to play in the morbid. 
. alteration. The pathology of the nucleus of the nerve-cell 
has still to be written, and until this is done it is impossible 
to say whether or not we are justified in regarding ‘‘ homo- 

geneous degeneration " as a special morbid change. 
(12) Invasion by Bacteria. i 
While it is certain that bacteria exert their morbid 
, influence upon nerve-cells practically only by. means of the ` 
easily diffusible toxines that they generate, the observation 
of the occurrence of these organisms within the cell-body 
is one of considerable interest and importance. Such 
observations have recently been made by Nissl (871), 
Piccinino (899), and Babes (48). Piccinino found a diplo- 
coccus in the acutely degenerated nerve-cells of the’ spinal 
‘cord in a case of Landry’ 8 paralysis, while Babes observed 
the specific organisms in nerve-cells in plague, leprosy and 

other infective diseases. 


(13) Loss of Nerve-Cells. 


Death and total disappearance is the fate of a certain 
` percentage of nerve-cells affected by acute primary lesions., 
“Whether or not the same result occurs in secondary lesions 
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is a matter of dispute. Chronic forms: of chromatolysis, 
such as that which, occurs in ‘senility, must also, it is 
evident, result in the loss of large numbers of nerve-cells. 
The question of'the manner in which the dead nerve-cells 
are removed is one that has given rise to some dispute. 
Marinesco (914) thinks that proliferated neuroglia cells 
conjointly with leucocytes act as destroyers of degenerated 
nerve-cells. Bevan Lewis (272) believes that certain large 
cell-elements of the neuroglia are the all-important elements 
in this connection. ‘Turner (491) describes leucocytes as 
attacking, destroying and removing nerve-cells in the cere- 
brum in senile insanity and other morbid conditions. 
Pugnat (897) has described the invasion and removal of 
degenerating nerve-cells by leucocytes in senility, an occur- 
. rence which he attributes to the diminished resisting power 
of the nervous elements. Nissl (368), in his paper upon 
general paralysis, maintains that the nuclei to be observed 
upon the degenerating nerve-cells are only those of neuroglia 
cells, and that leucocytes are never to be observed in this 
. position. Lugaro (254) supports Nissl’s view from his own 
observations. He states that he has searched in vain for 
leucocytes in the cortex of paralytics'and in that of the 
rabbit in meningo-encephalitis. Neutroglia-cells are to be 
Observed grouped about the pyramidal nerve-cells in the 
„healthy state. Their nuclei are sometimes so planted on 
the nerve-cell as to simulate a lymphoid element in the act 
of penetrating it. The writer and Orr (457) have stated 
that in many cases of secondary dementia it can be satis- 
factorily demonstrated that about 50 per cent. of the 
cortical nerve-cells have entirely disappeared. The logs of 
nerve-cells which occurs in the spinal cord and posterior 
root ganglia after amputations has recently been described 
by Campbell (85). 


(14) Developmental Arrest. 


As loss of nerve-cells is the most important fact in the 
pathological anatomy of secondary dementia, so arrest of 
development of nerve-cells at some stage in their growth is 

the most important fact in that of certain forms of idiocy 
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and imbecility. Hammarberg (200) made a most complete 
examination of nine brains from ‘such cases, the results of 
"which furnish most convincing evidence upon this point. 
A good account of his work is given by Ireland (218). 
Bevan Lewis (272) has found developmental arrest of nerve- 
cells only in epileptic idiocy and has failed to find it in 
simple forms of congenital defect and deaf mutism. 
Kóppen (230) observed arrest of development of nerve-cells 
in one case of idiocy and paucity of cells in another. 
Ireland (218) refers to & case observed by the. writer in 
which there was a zone of developmental arrest running 
through the layer of large pyramidal cells throughout both 
hemispheres. 


Q5 Other T'ypes of Change described. 


. The above list by no means exhausts all the forms of 
morbid change that have been described in the nerve-cell. 
' “ Granular disintegration or degeneration " is still described 
by Bevan Lewis (272) as a separate pathological entity. It 
is a change revealed by his fresh method, and the descrip- 
tion that he gives of it leaves little doubt in the writer’s 
mind that it is to be identified with various manifestations 
of chromatolysis, including its acute forms and chronic 
senile form. Colucci (89) describes granular degeneration 
but recognises its identity with chromatolysis. It is to be 
mentioned also that Nissl (867-868) in 1896 described four 
disease-forms of the cortical nerve-cell in general paralysis ; 
* and more recently (374) he has drawn special attention to 
an acute alteration affecting the whole nerve-cell,—body 
and processes,—and all the cells of the cortex simultaneously. 


Index of papers in Bibliography containing descriptions of 
“nerve-cell changes im various morbid conditions in the 
human subject. 


Landry’s paralysis, 314, 815, 298, 888, 56, 899, 455, 184. 

Locomotor ataxia, 811, 44, 170, 467, 468, 469, 464, 221, 270, 244, 842, , 282, 288, 
181, 402, 458, 847, 811, 883, 297, 885. 

Bulbar paralysis, 814, 816, 517. 

Infantile paralysis, 888. 

Peripheral neuritis, 148, 144, 145, 308, 805, 807a, 814, 891, 478, 480, 87, 242 
128, 81, 82, 168, 287. 
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, ydan RETI meningitis, él. - fo, We j 


Paraplegia, 174, 621, 820. e 
Tetanus, 189, 454, 917, 408, 114." A err er 


. Diphtheria, 48, 405, 74. eee 


Rabies, 478, 86. ES 
Acute chorea, 187. 
' Pellagra, 440, 441, 488. 


. Paralysis agitans, 86, 86,. 181. 
' . General paralysis, 867; 868, 58, 84, 15, 4, 495, 81, 82, 19, 20, 195, 67, 198, 416, 


. 89, 272, 68, 91,.92, 222, 
Acute alcoholism, 207, 607. 


. Acute insanities, 207, 70, 5, 6, 457, 100, 509, 19, 272, 


Epilepsy, 76, $39, 220, 442, 495, 415, 89, 272, 68. 
Mental confusion, 88, 6. 


, ^ Secondary dementia, 296, 24, 457, 419a, 272,6. ` "E: 
, Idiocy and imbeoility, 200, 18, 280, 218, 100, 272. ' 


Perniolous anæmia, 58, 185. j 
Fevers, 827, 162, 846a, 124, 817. f 1 
“Various non-nervous diseases, 1% 209, 457, 508, 86, 185, 286, 60, 208. 


) ` TV.—ADDENDUM UPON PHYSIOLOGICAL AND PATHOLOGICAL 


' DEDUOTIONS. "a ' 


| ' Although the purpose of this digest is to give an account 
of observations: relating only to the morphology of the 


number of the structural details that sre described cannot 


~ be correctly appreciated except in the light of certain closely 
related physiological questions that are now the subject of.” 


controversy. For this reason I add a brief account of 


. recent, views upon some of these questions. 


The present position of the Theory of the Neuron. 
As is well known, the neuron theory has always been 


d opposed by Golgi. Recently he has firmly maintained his 


position in the matter, and has promised a further demon- 


stration of thé existence of his diffuse network (159-160). 


.The numerous alleged observations of. direct connections 


between nerve-cells that have lately been made have also a 
certain weight of argument, against the doctrine of the 


neuron, but the ‘really ‘serious, attack that has been made 


- upon this doctrine, which was generally thought to be so, 


H 


firmly established, is that for which Apáthy is primarily 


responsible. His very remazkablé conclusions regarding the 
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` nervé-cell, it has seemed to me that the importance of a. 
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structure of the nervous system of certain invertebrates, of 
"which an.account has already been given (Section I., 9), are 
in certain respects supported by the ‘observations of Bethe, 
and they have been accepted by Nissl (874-8375).. There 


are now many who have, been led to believe through the . 


writings of these authorities that the neuron theory has 
' been proved to be false. It is becoming evident, however, 


that this is not the view that is going to be taken by ` 
‘those authorities whose judgment in such a matter is most ` 


valued be Ehe great majority of neurologists. Among these 


authorities Lugaro (256), and Lenhossék (283) have already : 


spoken in a very decided manner. . l;ugaro's contribution 
io the controversy takes the form of a long recensione of the 
‘paper in which Nissl (974) announced- his acceptance òf 
Apathy’ 8 teaching and declared his belief that the neuron 
. theory is no longer tenable. It would be impossible to give 
an accurate outline of Lugaro’s closely reasoned and most 


` valuable critique. It should be read by all who desire to , 


‘understand the true factors in this controversy, and more 


especially by those who have hastily concluded with Nissi ` 


that the neuron theory has received its death blow. Lugaro 
maintains that the observations of Ap&thy and Bethe do not 
warrant the general conclusion that nerve-cells are con- 
nected with each other by means of their primitive | fibrils, 
. . and considers that Nissl has been too precipitate in adopting 

 ihis view. Even admitting Apáthy's demonstration of & 
continuous network formed by these fibrils outside the 
nerve-cell in certain invertebrates, such an ‘arrangement ‘has 
not yet been proved to exist in vertebrate animals, while 
there is the strongest histological evidence that it does not. 
Lenhossék (283), whose article is a critical review of a paper 
by Bethe (50), can find in the discoveries of this observer 
and also in those of Apáthy nothing that contradicts the 


‘neuron theory. He thinks that Apáthy's conception of the: 


central neuropil as a true diffuse elementary network has 
not been conclusively demonstrated. In any case it is but 
the view of a single observer. It is entirely erroneous to 


cite Bethe's observations in support of Ápáthy's views, for , 
Bethe has himself declared that he has been unable to con- ` 
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vince himself of the existence of a true network in carcinus 
Twenas. With regard to Bethe’s now famous experiment 
. upon this animal, Lenhossék, denies that in it the condi- 
tions have been fulfilled that would give to its results any 
surprising character. 

Among other recent papers dealing with the theory of the 
neuron the following may be mentioned:—Tanzi (499), 
Schafer (471), Golgi (158), Marinesco (802), Renaut (450- 
451), van Gehuchten (168), Soury (483), Klippel (282), 
Barker (62), Dercum (127), and Goldscheider (161). 

-Function of the Protoplasmic Prolongations.—There are 
two opposing views at present held with regard to the 
function of the protoplasmic prolongations. Firstly, there 
is that of Golgi, according to which they have a merely nutri- 
tive function without subserving that of nervous conduction ; 
and, secondly, there is that supported by the large majority 
of other authorities according to which this portion of the 
the nueron is essentially related to nervous conduction. Of 
recent papers dealing with this controversy probably the 
most interesting are those of Golgi (159) and Lugaro (251). 
The former found in his pericellular reticulum a new and 
important argument in support of his opinion, while the 
latter criticised Golgi’s paper and defended the more 
generally accepted view. Several observers, on the ground 
of the observation of varicosity of the protoplasmic processes 
advancing centripetally in certain morbid conditions, have 
maintained that these processes must have a nutritive 
function. The fallacious character of such evidence has 
been repeatedly maintained by  Lugaro (see especially 
No. 249). i 

The Law of Dynamic Polarisation.—The enunciation . 
of this law has very commonly been attributed to Ramon 
y Cajal (419), but van Gehuchten (168) has maintained, 
evidently upon good grounds, that it was really he who 
was the first to advance it. According to this law or 
theory (which has been very widely accepted), as originally 
stated, the nervous current is cellulipetal in the protoplasmic 
processes and cellulifugal in the axis-cylinder process; in 
other, words, the dendrites are the organs of reception of 
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the nervous impulse, the axon ‘i8 thé organ oftheir dis- 
tribution: and application. In order to obviate certain 
objections: to this theory, and to permit: especially of its 
being applied to the case of the cells of the spinal ganglia, 
both Ramon y Cajal (482) and van Gehuchten (168) have 
proposed to slightly alter its formula. The former thinks 
that there may be a direct passage of the nervous current 
from a-dendrite to an axon arising from it, and that we 
should therefore. speak of the nerve-current as azipetal 
(instead of cellulipetal) in the dendrites, and dendrifugal 
(instead of cellulifugal) in the axis-cylinder process. Van 
Gehuchten regards the large protoplasmic processes and 
the cell-body as forming together the true cellular body, 
and believes that the conduction is here indifferent, occur- 
ring in any direction. Tanzi (500) thinks that Cajal’s new 
theory is unnecessary, and is inclined to admit the correct- 
ness of van Gebuchten’s view, but insists more upon the 
fact of the fibrillar structure of the prolongations, and 
therefore of the possibility of conduction in them in both 
directions. He points out that Cajal’s imagined correction 
of the law of dynamic polarisation does not remove its 
essential defect, which consists in the necessity of con- 
sidering as gigantic dendrites the peripheral sensory fibres 
coming off from the cells of the spinal ganglia, although 
they are medullated and do not differ in any respect from 
the nervous prolongations. I:garo, (247) considers that 


`- neither of the new interpretations are necessary, since the 


fibrillar structure of the prolongations admits of a double 
conduction and of the separate existence of dendrite and 
axon in & common trunk, such as that given off by the 
cells of the spinal ganglia. 

Function of the Chromatic and Achromatic Parts of the 
Cytoplasm. — There are at present two principal views 
regarding the function of the chromatic substance of the 
cytoplasm. According to the first, which is supported by - 
van Gehuchten, Nissl, Lugaro, Lienhossék, Cajal, and many 
others, it is ‘‘a material of reserve destined to serve for 
‘the nutrition of the nervous elements” (168). According 
to the second, which has been advanced by Marinesco (305), 
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"it serves to augment the difference of' potential of the 
centrifugal nerve wave."  Marinesco has very fully ex- 
plained his views;upon this point in his Rapport presented 
to the Moscow Congress (314)' He admits that the chro- 
matic substance plays at the same time a considerable róle 
in the nutrition. of the cell. There seems every reason to 
believe that both of these views are essentially accurate. 

Lugaro (250) expressly states that he believes that the 
chromatic substance has an important and indispensable 
part in functional metabolism of the nerve-cell. Bevan 
Lewis (272), in stating that ''liugaro regards Nissl’s 
granules, so far as function is ‘concerned, as having a 


' passive rôle,” has unwittingly misrepresented the view of 


the Italian neurologist, whose use of the term “ passive" 


~in this connection has reference not to function, but’ to 


the morphological relationship of the chromatic substance 


to the achromatic fibrils (Liugaro, 239-250). The conten- ' 


tion of Goldscheider and Flautau (165), that the Nissl- 
bodies have no vital importance for the nerve-cell, has 
been fully answered by Lugaro (250) and Marinesco (827). 

The histological evidence that the chromatic substance 
is utilised during functional activity of the nerve-cell was 
for. long of a somewhat unsatisfactory kind, but Pellizzi's 


recent observations upon the changes in the cells of the 


cooliac and mesenteric ganglia during digestion (see Section 
L 11) furnish what is probably the.most important evidence 
that has yet been obtained in confirmation of the conclusion 
of Mann formulated in 1894. e 

The great majority of authorities are agreed that the ' 
fibrillar portion of the achromatic substance subserves the 


, function of conduction of the nervous wave. Cajal (438), 


however, considers that we are not warranted in restrict- 
ing the performance of this function to & single structural 
element. “The non-organised portion of the achromatic 
substance is believed by Marinesco (322) to be the seat of 


‘intense chemical phenomena, and of such importance for 


the nervous ‘element as to be appropriately designated the 
trophoplasm. That this substance is the seat.of important 


` metabolic changes is amply confirmed by other observers, 
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more especially by Giuseppe Levi from his study of the 
fuchsinophile, granules. 

‘Functions of the Cell-Body.—The cell-body in virtue of 
the fact that it contains the nucleus is clearly the trophic 
centre for the whole cell-element. That this is so is fully 
borne out by experimental evidence. But there seem to be 
the strongest reasons for believing that the cell-body has 
also other special functions to perform, although there are : 
sdme authorities who would limit its rôle to that just stated. 
According to the law of dynamic polarisation, the nervous 
: wave is received by the terminations of the dendrites, 
carried to the cell-body and thence to the axon. Now, 
according to the views of the best authorities on the subject, 
this nerve-wave, arriving at the cell-body, is there essentially 
modified and reinforced before being discharged by way of 
the axon. This is the teaching of the two Continental 
neurologists who have given most attention to the question, 
and who, from the vast range of their experimental observa- 
tions, have the best title to be heard upon it. I refer, of 
course, to Marinesco and Tiugaro. 

Marinesco’s theory of the function of the chromatophile 
elements, already noticed, implies that in the cell-body the 
nerve-wave has its potential energy largely increased in 
virtue of the chemical changes which occur in these elements. 
He further states (814), “ it is due in part to the modifica- 
tions which the chromatophile elements impress upon the 
nervous wave that the nerve-cell becomes a source of energy. 

. The mechanical conception of the nervous pheno- 
mena which I have just formulated in this work is in har- 
mony with many physiological and pathological phenomena. 
In fact physiology teaches us that the nerve-cell is a source 
of energy, and this source of energy, according to my view, 
is due at least in large part to the modifications which the 
chromatophile elements impress on the nervous wave which 
traverses the cell" In other papers he is no less explicit 
in maintaining that in the body of the nerve-cell there 
takes place a liberation of energy which serves to augment 
the nerve current as it traverses the cell. Lugaro’s opinion’ 
upon this subject has also been often and clearly expressed. 
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I need quote only one passage :—'' From facts regarding the 
structure of the cell-body it is seen that this is not a simple 
conductor but a modifier of the nervous wave, whence the 
necessity of the afferent current traversing it in every case 
before passing in a modified form to the efferent prolonga- 
iion" (247a). 

The recent teaching of Gowers (182) upon this point is 
doubtless well known to the reader. His opinion that the 
fibrils ‘‘can merely conduct through the cell-body as they 
do elsewhere in their course,” in other words that the cell- 
body does not generate nerve force, is one that is doubtless 
shared by other neurologists, but the fact remains that the 
great weight of authoritative opinion is at present entirely 
against it. 

The alleged ameboidism and plasticity of the nerve-cell. 
—Attention has recently been directed at considerable length 
to the present position of this important question by the 
British Medical Journal (67). I can only refer to it here 
very briefly. A large number of observers, chiefly belong- 
ing to the French and Belgian schools, have maintained, 
partly from experimental evidence, partly upon purely 
theoretical grounds, that the protoplasmic prolongations of 
nerve-cells exhibit functional contractility. They maintain 
that contraction of them occurs in fatigue of the nerve-cells, 
and that it is capable of explaining sleep, hysteria and many 
other cerebral phenomena. Lugaro (252), on the basis of a 
series of entirely new experiments, denies that the processes 
of nerve-cells contract to any important extent in different 
functional states, that on the other hand it is only the 
gemmule that undergo movements of retraction and propul- 
sion, and that not retraction of these processes, but general 
expansion of them, is characteristic of sleep. His experi- 
mental results, obtained with the aid of an incomparably 
superior technique, certainly go far to prove that the histolo- 
gical evidence of contraction of the protoplasmic processes 
obtained by other observers is entirely fallacious. In con- 
nection with this subject it deserves to be mentioned that 
the fresh method of Turner (492) gives a beautiful demon- 
stration of the elasticity of the nerve-cells. But it is, of 
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course, impossible to affirm that A élasticity - postulates 
anything as to their functional plasticity. 

" It may be useful to, give here an index of the papers 
included in the list of literature which deal with this 
subject :—518, 489a, 445, 127, 274, 398, 120, 121, 228, 424, 
438, 107, 108, 8, 417, 188, 189, 451, 389, 474, 125, 856, 216, 

252, 168, 67. | 
i Primary and secondary lesions.—Marinesco (805-312-314) 
has maintained that the changes that occur in a nerve-cell 


after section of its prolongation (secondary lesions) have a: 
special character which permits of their being distinguished . 


' from those that occur from the direct action -of a noxious 
agent (primary lesions). In secondary degeneration the 


". nerve-cell always comports itself in a uniform manner. The 


: alteration begins by disintegration of the chromatic substance 


in the neighbourhood of the cone of origin of the axis- ' 


cylinder process, and gradually extends to the greater part,of. ` : 


the cell-body: At an advanced stage the nucleus is often 


`. displaced to the periphery. The cell may undergo.repair, or . 


it may atrophy and disappear. In primary degeneration thé 


alterations are specially characterised by their variable multi-. ' 
plicity and by their gravity. The chromatolysis may be: 


. partial or complete, peripheral, perinuclear or diffuse, &c. 
The achromatic substance and the nucleus tend to be in- 
volved, and repair is then rendered impossible. ` 

Further experience of secondary lesions has shown that 
the alterations are not so characteristic as was at first pro- 
posed. Some observers have been unable to see any differ- 
ences in the two classes. Nevertheless, there seems to be 
little reason to doubt that secondary lesions have features 
distinctive from primary lesions. If ‘present investigation 
' cannot fully confirm Marinesco's contention, those of the 
future may be trusted to do so. 

* Degeneration by transmission, or secondary neural 
atrophy.—Some discussion has lately taken place regarding 
to what extent the degeneration.of one neuron involves the 
degeneration of another to which it normally transmits its 


functional impulse. Jelgersma (219) and Klippel (232) have . 


described the occurrence of such “degeneration by trans- 
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mission." Marineséo (309-306) maintains that trophism is 
a reflex action propagated from ‘one neuron to another, and 


‘that continued functional excitation is indispensable to 
. trophic activity in the nerve-cell He points to examples 
‘of, what he terms “secondary neural atrophy” of nerve- 


. cells in the human subject as the result of degeneration of' 


- 


the cells from which they normally receive stimuli. K. 


T Schaffer (464) has attributed the degeneration of the cells 


of the anterior horn of the spinal cord in amyotrophic tabes 
to degeneration of the collaterals of the posterior roots, and 
the consequent loss of the stimuli normally received from 


them. He has also observed degeneration of these cells in 


cases of hemiplegia from cerebral lesions. Van Gehuchten 
(169) attaches great importance to the trophic influence that 
one nerve-cell exercises over another. He records some 
experimental observations which go to show ‘that after 
section of the sensory nerves the- histological alterations do 
not' confine themselves to the first neurons, but ‘affect also ` 
the second which are in connection with them. He thinks 


_that this degenerative process may pass on to neurons of 


the third order, and even be transmitted to the motor 
neurons. Berger (53) found no change in the cells of thé 
cord three weeks after extirpation of the motor region of 
the brain. Acquisto and Pusateri (17), in a case of amputa- 


' tion of the leg, observed after twenty-nine years degeneration 


and loss of nerve-cells in the corresponding area of the motor 


"cortex. Warrington (522) observed chromatolytic changes 


specially in the postero-external group of cells of the anterior 


. horn of the spinal cord after section of the posterior roots, 


and attributed them to withdrawal of the afferent impulses 


-which normally impinge on the cornual cells. K. Schaffer 
- (466) found similar alterations of this group of nerve-cells 


in a case of cerebral hemiplegia of short duration, and 


' regarded them as consecutive to degeneration of the pyra- 


midal tract. Lugaro (257a) believes that these cells are 
sensory neurons of the second order, and thinks that their 
degeneration in Schaffer’s case may perhaps be explained. 
by injury to their ascending prolongations in the brain. It 
must not, however, be inferred from this that. Lugaro denies 
the occurrence of degeneration by transmission, 
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In concluding this digest, I desire to express my in- 
debtedness especially to Dr. Clouston, Dr. Alexander Bruce, 
Dr. D. A. Welsh, Dr. W. R. Dawson and Dr. Harry Rainy 
for the kind assistance they have given me in getting access 
to literature. 
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The Medical Jurisprudence of Insanity or Forensic 
Psychiatry. 2 vols., Ben, pp. 1856, 1898. The 
Lawyers’ Co-operative Publishing Company. E 
New York. 


Ters ambitious work is, as the author tells us in iie pre- 

face, an attempt to unite a general medicel text-book upon 
,insanity with a medico-legal treatise arid a digest of the English 
and Americari law to meet the requirements of lawyers and 
physicians in civil and criminal cases. 

The scope of the work is very wide. It comprises definitions, 
classification, symptoms and diagnosis as the medical part of the 
first, volume, followed by reports of criminal cases, legal adjudi- 
cations in criminal cases, civil cases and legal adjudications in , 
them, and an important chapter upon evidence of insanity, con- 

: eluding with & chapter on the competeney of witnesses and 
jurors. 

The second volume treats of alcoholism, the legal consequences 


' “of it, and the decisions of the Courts upon it, together with a 


chapter on Morphinism, and other addictions and many other 

subjects, among which we may mention Degeneracy, Hysteria, 
Epilepsy, &c., and coneludes with chapters on Etiology, Prognosis, 

Pathology, and treatment. As.will be seen by this rapid survey, , 
the work covers an enormous amount of ground. The author ^ 
handles his subject in a clear and comprehensive manner, and has 
succeeded in giving to the profession as the result of his great 
labour & valuable and reliable medico-legal treatise upon what he 
. terms ‘ Forensic Psychiatry.” 

O T. Ourrerson Woop, M.D. 
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ON THE MEANING OF THE CRANIAL NERVES. 
BY W. H. GASKELL, M.D., LL.D., F.R.8. 


Being ihe Presidential Address io the Newrological Society 
for ihe Year 1899. 


ELEVEN years ago, in 1888, I read a paper! before the 
Neurological Society on the origin of vertebrates. In that 
paper I gave the conclusions to which I had come on the 
nature of the central nervous system of vertebrates. Since 
that time further and further work has only confirmed me 
in those conclusions and led me to more and more definite 
explanations of the meaning and origin not only of the 
brain but also of the cranial nerves and their distribution. 

\ That paper was the direct outcome of previous work on 
Xhe peripheral nervous system, especially the sympathetic 
nervous system, which led me to attempt to formulate 
to my own mind the nature of a segmental nerve, and the 
comparison therefore of the cranial and spinal nerves both 
as regards their structure and the function of their com- 

' ponent fibres. I came to the conclusion that the spinal 
nerves contained the same elements as the cranial segmental 
nerves, but that these elements were grouped together 
differently ; in the former case being grouped into the two 
great divisions of dorsal and ventral or sensory and motor 


! Bray, vol. xii., p d 
2 Journ. of Physiol., vol. vil, p. 1, 1885. 
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roots; in the latter being divided into three rather than 
two groups, viz., dorsal, lateral and ventral. Of these three 
roots the dorsal and ventral groups corresponded, to the 
spinal nerves in that they were sensory and motor respec- 
tively, while the lateral group was something different, being 
mixed in function, both sensory and motor. Further, 
having regard to the anatomical work of Charles Bell and 
the embryological work of v. Wijhe, it was clear that this 
tripartite grouping of the cranial nerves was in reality an 
expression of a bipartite grouping, not however as in the 
spinal nerves into motor and sensory, but corresponding to 
the double segmentation of the head region into splanchnic 
and somatic; I came, therefore, to the conclusion that 
the cranial segmental nerves consist of a series of segmental 
nerves the somatic elements of which are arranged like 
those of the spinal nerves into dorsal and ventral, t.e., 
sensory and motor groups—such elements being on the one 
hand the ascending root and somatic sensory portion of 
the trigeminal nerve, on the other the nerves to the eye 
muscles and the hypoglossal nerve—while the splanchnic 
elements form well-defined single nerves which are mixed 
in function, viz., the vagus, glosso-pharyngeal, facial and 
motor part of the trigeminal nerves, together with the 
sensory splanchnic portion of the trigeminal. The question 
therefore, immediately arose, which method of grouping 
must be considered the most primitive, the spinal or the 
cranial. So much are we the slaves of fashion, so powerful 
has been in the past the influence of the theory of the origin 
of the skull from modified spinal vertebree, that almost all 
the attempts to solve the origin of the cranial nerves have 
started with the assumption that they arose from the 
modification of spinal nerves, which were built up originally 
on the same plan as the existing spinal nerves; that there- 
fore, as a logical corollary, the brain region of the central 
nervous system has arisen from the modification of a spinal ' 
cord type of central nervous system. 

In this Society I have little doubt what answer will be 
given to the question, where did the central nervous system 
commence? Surely the oldest part of us is that part of the 
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brain mass which was concentrated around the organs of 
special sense at the anterior end of the body. 

Throughout the whole animal kingdom as soon as a 
definite central nervous system is formed we find it in the 
shape of an oral ring of specialised nerve matter, concen- 
trated around the mouth in connection with special sense 
organs for the purpose of gaining food. Again and again 
embryology shows that the head region with its nervous 
centres is the first formed, and the body region is a subse- 
quent formation; this is especially manifest in those animals 
which, like the vertebrate, possess an elongated segmented 
body, and we see how the subsequently formed nerve- 
centres of the elongated body are subservient to the first 
formed centres in the head. Every consideration, every 
argument as pointed out in my paper in the Journ. of Anat. 
and Physiol., vol. xxxii., p. 547, forces us to the conclusion 
that the cranial region is older than the spinal, and that 
therefore, in endeavouring to find out the meaning of the 
cranial nerves, we must not attempt to derive them from a 
pre-existing spinal type of segmental nerve, but on the 
contrary, the type from which both cranial and spinal 
nerves have arisen must have resembled the existing cranial 
type more nearly than the spinal. 

What evidence, then, have we as to the nature of the 
cranial nerves? In all attempts to read the past history of 
segmental nerves by means of the anatomical and physio- 
gical investigation of existing types, it is of paramount 
portance to consider, not only the exit from the central 
rvous system and the peripheral distribution of the 
arate nerves, but also their origin in the central nervous 
tem, especially, therefore, the nuclei of origin of their 
tor nerves. In considering this question we are struck 
two facts of marked significance ; in the first place the 
es of origin of the motor nerves fall into two distinct 
groups, viz., a lateral group of nuclei forming the centres of 
origin of the nerves V., VIL, IX., X. and XI., and a more 
dorsally situated group of nuclei from which arise the nerves 
ILL., IV., VI. and XII. ; in other words, the nuclei of origin 
of the motor cranial nerves separate into two well-defined 
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splanchnic and somatic groups in exact correspondence with 
their peripheral distribution. In the second place, the motor 
nuclei of the cranial nerves are much more markedly 
separated from each other than is the case with the corres- 
ponding nuclei of the spinal nerves; in the latter case the 
nerves are clearly segmental, but their centres of origin are 
not so clearly segmental; in the cranial region, however, 
the different motor nuclei are well defined and separate, 

Both these facts lead directly to the conclusion that that 
part of the brain which gives origin to the cranial segmental 
nerves was formed by the concentration and fusion of a 
number of separate segments or ganglia, each of which 
originally gave origin to nerves innervating a segment 
composed of two parts, viz. a splanchnic or branchial 
part and a somatic part. The anatomical and physiological 
evidence is overwhelming that the vertebrate central ner- 
vous system is built up of a series of segments or ganglia 
. fused together. 

The next fact that is forced on the attention is the 
arrangement of these nerves along the axis of the brain. 
The brain region may be divided into two portions in ac- 
cordance with the position of the notochord—a prechordal 
and an epichordal part, and, as is well known, the epi- 
chordal region of the brain alone gives origin to these 
nerves, its anterior limit being fixed, not only by the termi- 
nation of the notochord, but also by the presence of th 
tube of the infundibulum, while posteriorly it merges int 
the spinal cord and so connects the spinal cord system wi 
the cranial system. 

Further, this system itself falls into two well-mar 
regions, an anterior or pro-otic region, which gives ori 
to the trigeminal and eye-muscle nerves, & region there 
connected with mastication and movement of the eyes, 
a posterior or opisthotic region, which gives origin to 
vagus group of nerves, a region therefore connected e760 
cially with respiration. Ta 

Throughout the vertebrate kingdom down to the 1°% 
true vertebrate such an arrangement is most constan. ^9 
fixed. dg 
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It is therefore certain that the anterior limit of this epi- 
chordal part of the brain, which gives origin to these seg- 
mental cranial nerves, is invariably fixed by the presence of 
a prolongation of the central tube of the nervous system, 
which extends right to the ventral surface and is known by 
the name of the tube of the infundibulum. On each side of 
this tube lie the crura cerebri which connect the prechordal 
portion of the brain with the epichordal, and we know that 
from this prechordal part of the brain nerves also are given 
off, but they are of a special kind, differing from the epi- 
chordal nerves in that they are nerves of special sense—the 
olfactory and the optic. 

In other words, our search for the meaning of the cranial 
nerves pictures to us an animal with a specially developed 
anterior or supra-infundibular brain mass, the cerebrum 
proper, which gives origin only to olfactory and optic 
nerves, connected by two massive infundibular comumis- 
sures, the crura cerebri, with an infra-infundibular brain 
mass, which gives origin to a series of segmental cranial 
nerves, whose members fall naturally into an anterior group 
connected with mastication and a posterior group connected 
with respiration. 

These facts, about which there can be no dispute, point 
directly to the conclusion that the type of nervous system 
which gave origin to the vertebrate brain is identical with 
the type of nervous system in the great appendiculate group 
of invertebrates, t.e., to the type of nervous system in the 
ighest invertebrate group; for there, too, we see that a 
ecially developed most anterior part of the central nervous 
stem or supra-cesophageal brain mass — the cerebrum 
per— which gives origin only to olfactory and optic nerves, 
onnected by the two csophageal commissures with an 
a-cosophageal brain mass, formed in the higher inverte- 
e groups by the fusion of the separate ganglia, which 
8 origin to a series of segmental nerves whose members 
naturally into an anterior group connected with masti- 
n and a posterior group connected with respiration. 
nly difference between these two types of brain is 
(be around which the whole brain mass is grouped 
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is called in the one case the infundibular Em in the other 
the cesophagus. 

The natural and rational conclusion from id a striking 
coincidence is that the tube of the infundibulum represents 
all that remains of the original ossophagus, and that there- 
fore the vertebrate, together with its poor relation the 
tumicate, fall into line with the rest of the animal kingdom, 
in that its central nervous system was formed originally by 
the modification of an oral nerve ring. 

But the ‘cavity of the tube of the infundibulum is 
continuous with the cavity of the third ventricle and, there- 
fore, with the central canal of the nervous system, and its 
epithelial lining is continuous with the epithelial lining of 
the tube of the central nervous system. There is no 
discontinuity, no sign whatever of the presence of the 
remnants of any cesophageal tube separate from the central 
tube itself; no evidence, in fact, that it is possible to look 
upon the infundibulum as the remnant of the csophageal 
tube, as Dobrn and others have done, which passed between 
the crura cerebri and terminated in a mouth which was 
situated on the present dorsal surface of the animal; the 
dorsal surface of the vertebrate on this view having been 
originally the ventral surface of the invertebrate. On 
the contrary the evidence of continuity is so conclusive 
that it becomes a logical certainty that if the tube of 
the infundibulum was the original oesophagus, then the 
ventricles of the brain must have been the original cephali 
stomach into which the esophagus opened and the can 
of the spinal cord with its termination in the anus by mea 
of the neurenteric canal, the straight intestine which 
direct from the cephalic stomach to the anus in 
invertebrate. 

The search then for the meaning of the cranial ne 
has led me by the strong logic of incontrovertible facta 1 
conclusion that the central nervous system of the verte 
is composed of two parts, a part which is nervous 
arranged segmentally, and a part which is non-nervo 
composed of an epithelial tube on the outside of 
nervous material has been grouped, and, owing t 
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the remnant of the alimentary canal of the invertebrate, is 
not composed of segments. 

This, then, is my working hypothesis, and the value of 
it depends essentially upon its power to explain or to 
elucidate the whole mass of problems connected with the 
origin of vertebrates. Its very essence is that it explains 
that most striking and otherwise unaccountable tubular 
nature of the vertebrate central nervous system, and this 
explanation is of such a character as to afford a test of its 
accuracy by the consideration of the phylogenetic develop- 
ment of the central nervous system in the vertebrate phylum 
alone, without making any guesses as to the nature of the 
passage from the invertebrate to the vertebrate; for it is 
clear that, if the brain region of man has arisen from the 
lowest fishes by the gradual increase of nervous material 
around an epithelial tube, then, as we pass lower and lower 
in the vertebrate phylum, we must find clearer and clearer 
evidence of the separate existence of that epithelial tube; 
while, on the other hand, if the tube of the nervous system 
was originally a nerve tube proper and not composed of 
two parts, as various embryologists' assert, then the lower 
we go down, the more clearly ought the nervous character 
of that tube to come out and the less ought it to show a 
non-nervous, purely epithelial structure. 

The evidence of comparative anatomy is absolutely con- 
clusive on this point. Think of the growth of the cerebral 
hemispheres over the epithelial pallium of the fish as we 
ass upwards by way of the amphibians and reptiles to the 
igher mammalia; see how the cerebellum from its small 
ginnings in Ammocostes forms first the worm and then by 
her invasion of the epithelial roof the cerebellar hemi- 
eres ;! think of the brain of Protopterus, of Lepidosiren 
of Ammocoetes (fig. 2) with the whole of its dorsal roof 
e epichordal portion composed of fold upon fold of 
branous epithelium except just where the fourth nerve 
the commencing cerebellum crosses over. Compare 
ictures (fig. 1) of the brain of the different classes,’ 
culminating in the brain of Ammocostes. 


! Journ, of Physiol., vol. x., p. 194. 
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. . Comparison of vertebrate brain from Mammalia to Ammocoete 
parts represented by dotted lines; the last figure represents 
Ammocostes with the epithelial folds unfolded. 
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Is it possible for the evidence to be stronger that the 
nearer we get to the’ origin of vertebrates the more clearly 
does the separation of the nervous matter from the epithe- 
lial tube become apparent; other evidence to the same 
effect 18 at hand. Let me recall to your memory the forma- 
tion of the rhomboidal sinus! in the lumbo-sacral region of 
the spinal cord in birds, the continuation of the canal into 
the regenerating tail of the lizard,? the pathological evidence 
of cystic malformations, all pointing to the conclusion that 
the central canal is of a non-nervous nature. 

In absolute accordance with the evidence of the gradual 
separation of this epithelial tube from the surrounding nerve 
masses, as we descend the vertebrate phylum, is the evidence 
of the simplification of the nerve masses themselves, so that 
at last when we reach the Ammocostes we find, as is seen in 
fig. 2, that the whole cerebrum is practically reduced to the 
basal ganglia, the corpus striatum, and optic thalamus, with 
the olfactory and optic nerves; reduced, in fact, to a supra- 
infundibular brain mess, which is directly and closely 
comparable with the supra-cesophageal brain mass of the 
higher arthropods. As the crowning fact of this evidence, 
a fact which is almost proof positive of the truth of my 
hypothesis, we find, in precisely the place where they ought 
to be, two median eyes, one of which is much better 
‘developed than the other; eyes which in the higher verte- 
brates have degenerated into the so-called pineal gland, but, 
as ought to be the case, show most clearly their inverte- 
rate ancestry in that lowest of vertebrates—Ammocoetes— 
which animal the structure of the right pineal eye clearly 
sembles one type of arthropod eye. From the time when 
rst stated to this Society* the arthropod nature of the 
al eye up to the present time, no better explanation has 
offered; the facts which I put forward have not been 
ted, but only ignored; and Leydig® has come to the 
















irn. of Physsol., vol. x., p. 197. 
dley, Journ. of Bombay Nat. Hist. Soc., vol. ix., p. 1, 1894. 
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, Op. cib., p. 14. 
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338 ORIGINAL ARTICLES AND OLINICAL CASES ' 


same conclusion as myself as to the arthropod character of 
this eye. If you picture to yourselves the supra-cosophageal ` 
ganglia of one of the higher arthropods your ‘picture would 
teke the exact form of. the supra-infundibular brain of the ' 
Ammocoetes. 

Equally striking is the physiological evidence, the func- 
tions of the supra-cesophageal ganglia correspond closely 
with those of . the, supra-infundibular, and the foremost 





' ; Fro, 2° 


Së and lateral view of the brain of Ammoccetes, JER, 2 
Prop i rea; ; GHR, right ganglion trabecula; PN, right 
gE CH, so-ealled’ choroid plexuses; IN P, region of i ndih 
., Cranial nerves. 


group of infra-cesophageal ganglia with their ma 
' ing and’ special co- ordning mechanisms correspon 
the trigeminal region of,'the infra-infündibular part 
brain from which the: co-ordinating machinery 

_ cerebellum and posterior corpora quadrigemina has s 
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while the hindermost group with their respiratory centre 


and nerves: to the respiratory appendages correspond with 
the vagus region of the brain.’ 
Just as the study of the comparative enatomy of the 


an arthropod, so the study of the comparative anatomy of 
the arthropod brain points directly to the way in which 
such a brain as Ammoccetes was probably formed from the 


‘original annelid type. In all. arthropods the foremost infra- 


cesophageal -ganglia are concerned with the innervation of 
mouth appendages—these ganglia we may call prosomatic— 


between these and the abdominal ganglia we find a set of 
ganglia usually concerned with the respiratory éppendages . 


which may be called mesosomatic, then comes the most 


` posterior group which may be called metasomatic. A series 
of diagrams to represent the arrangement’ of these pro- 


somatic and mesosomatic ganglia in different arthropods, 
‘Branchipus, Astacus, Limulus, Scorpio, Androctonus, Thely- 
phonus, as given in fig 3, show how by a steadily progressing 
concentration and cephalisation, first the prosomatic ganglia 
(A) are fused into a compact infra-cosophageal brain mass, 
and then in the scorpion tribe more and more of the meso- 


_ somatic ganglia (B) become fused into this mass, until at last . 
in the Pedipalpi such as Thelyphonus all the mesosomatic 


ganglia have fused to formi a large brain mass and now the 


infra-cesophageal portion of the brain is directly comparable : 


rith the infra-infundibular portion of the Ammocostes brain. 
‘sre’ then the facts of the comparative anatomy of the 


“vertebrate brain has led us gradually down to & brain mass - 
, like that of Ammoccetes directly comparable with that of 


ertebrate central nervous system show how easy it is to: 


x by slow gradation from the simplest central nervous 
m of the lowest annelid direct to a brain like that of 


— 


locestes, just'as the facts of the comparative anatomy ` 


vertebrate nervous system have shown how easy it 
'aes by slow gradation from the highest brain of man 
"rain of the ‘same Aimmocestes. 

h a study of comparativo anatomy points to & con- 


iustas statement of the phyaiologoal evidence, cf. Journ. of Anat 
oh, yolk xxxii, pp. 082-587. . 
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clusion of great significance and immense importance for 
the whole theory of evolution, viz., that upward progress 
means increase of growth of nervous material, means con- 
centration of nervous material, means cephalisation of 
nervous material. It is the brain which constitutes the 
evolutional power of the animal, it is the growth of the 
foremost part of the central nervous system, the concen- 
tration and cephalisation of the lower ganglia, so as to 
become part and parcel of the foremost mass which makes 
the brain. : 

That is the banner under which I fight, viz., that one 
organ or another may become rudimentary, may disappear 
or play a subordinate part, but throughout all the changes 
in the animal kingdom, no upward progress is possible 
which is accompanied with the degeneration or loss of the 
brain. 

In our search then for the meaning of the cranial nerves, 
we are led in the first place to the direct conclusion that 
the prootic or trigeminal region of the brain was originally 
the prosomatic region of the brain, that therefore, the 
trigeminal group of nerves correspond to the prosomatic 
group, and that the opisthotic or vagus region of the brain 
was originally the mesosomatic region, so that the vagus 
group df nerves correspond to the mesosomatic group. 

In the second place, we come face to face with a possible 
reason why the old alimentary canal ceased to function and 
he formation of a new alimentary canal became an absolute 
ecessity, for it is clear, if upward progress is possible 
ly by the growth and concentration of the brain nervous 
tter, that the scheme of piercing the brain with the 
phagus, which was a necessary corollary of a central 
ous system formed as an oral ring, must of necessity 
r or later lead to a deadlock, in which alimentation 
rther cephalisation would be antagonistic to each 

















e diagrams (fig. 3) you see how the lumen of the 
us becomes encroached upon with the increasing 
nd concentration of the brain, until at last in the 
s, Pedipalpi and spiders, the sole means of liveli- 
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hood possible is by suction of blood, and as fig. 4 shows, 
the alimentary canal has become a mere central canal sur- 
` rounded on all sides by the massive combined infra- and 
supra-cesophageal brain mass. Whether the growth of the ` 
brain is the cause of the diminution ih lumen of the food. 
‘channel and the consequent blood-sucking "habits of the 
group, as to my'mind is probable, or whether the blood- 
sucking habit has led to & diminution in size of lumen and 
the brain mass has then filled up the vacant space, the 
result in either case is to produce a group of animals in 


A x ` 





* Transversa section through the brain of & young Thelyphonus.. A, supr 
cesophageal ganglia; B, infra-cesophageal ganglia ; Al, ossophagus. 


which the formation of a brain mass closely similar to f 
of Ammocoetes. is correlated with an ossophagus of exc 
ingly small calibre; an casophageal tube which is so n 
closed that its conversion into the infundibular tube; 
no demand upon our credulity, but follows as a H 
step, if the process of alimentation is otherwise p 
for. 

Here we come face to face with the great difi 
this hypothesis of mine, which accounts most satir 
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for the origin of the vertebrate central nervous system but 
necessitates the formation of a new food channel; how can 
we conceive that the new alimentary canal was formed ? 

I want you to dismiss from your minds all pre-conceived 
opinions and to follow out without prejudice the same line 
of argument as I have used hitherto, first of all bringing 
together the facts of anatomy and physiology, and then 
when they are arranged in line, forming your own opinion 
as to the conclusion to be derived from these facts. We 
have already seen that the epichordal portion of the verte- 
brate brain, divisible as it is into e trigeminal part and a 
vagus part, corresponds on our hypothesis with the pro- 
somatic and mesosomatic portions of the brain of such 
animals as Limulus, Thelyphonus, &c., therefore it follows 
that the parts supplied by the vagus group of nerves ought 
to bè the direct descendants of the parts supplied by the 
mesosomatic nerves, and the parts supplied by the trigeminal 
group of nerves ought to be the direct descendants of the 

` parts supplied by the prosomatic nerves, and the closer the 
correspondence, both anatomically and structurally, the 
more likely is the theory to be true, the more clear shall 
we become as to the manner of formation of the anterior 
portion of the vertebrate alimentary canal. 

The first problem to be decided is the following :— 

The great characteristic of the cranial segmental nerves, 
s already mentioned, is that they fall into two sets for the 
pply of a series of splanchnic and somatic segments 
ectively, and that the splanchnic segments which in 
opisthotic or vagus group are always branchial, are 
ied by a series of separate nerves, mixed in function, 
arise as well-defined lateral nerves separately from 
real sensory and ventral somatic nerves. Conse- 
it follows that if the invertebrate motor nervous 
which gave origin to this type was of the nature 
hropod nervous system, we ought to find in the 
d first, that a double segmentation of the body- 
ich has impressed itself on the central nervous 
d secondly, that the nerves of each segment arise 
ots; of which the middle or lateral one is mixed 


















344 ORIGINAL ARTICLES AND CLINICAL CASES 


in function, and supplies only the segments which carry the 
branchie or are serially homologous with these. 

Now the observations of Hardy! have shown that the 
groups of nerve cells which form the separate ganglia of the 
central nervous system of Astacus, Branchipus, &c., are 
connected essentially with the segmentation of the append- 
ages, and that the segments of the body are associated with 
quite distinct groups of central cells which are more diffuse 
and not confined to the separate ganglia, but spread along 
the connectives between the ganglia. In other words, 
there is a double segmentation here which has made its 
mark on the central nervous system, similarly to the double 
segmentation of the cranial region in vertebrates, and the 
two segmentations would agree if what I have called the 
splanchnic segments in the vertebrate had arisen from the 
segmental appendages of the invertebrate. 

Further, we know from the work of Leydig and others 
that the segmental nerves of none of the invertebrata arise 
like the spinal nerves of the vertebrates from two roots 
which are respectively motor and sensory, but we do find 
that they do arise in many cases in a tripartite manner 
remarkably similar to the arrangement of the cranial verte- 
brate nerves. 

Thus Milne Edwards? has given us a careful description 
of the prosomatic and mesosomatic nerves of Limulus, from 
which it is seen that the principal nerve of each segment is 
the large nerve which runs to the appendage of that segme: 
and supplies nothing else exvept that appendage; this ne 
supplies the appendage with all its fibres both motor 
sensory. In addition to this appendage nerve two 
nerves arise from each of the ganglia, of which the on 
more dorsal one, is purely somatic sensory, supplyin 
its own area of the prosomatic and mesosomatic car 
respectively (these nerves are called by Milne Edwa: 
epimeral nerves); while the other is & small nerv 
supplies with motor fibres muscles, as Milne Edw 
it, not connected with the appendages, and may, 












1 Hardy, Phil, Trans., 1894, B., p. 88. 
? * Recherches sur Anatomie des Limulus,” Ann. des Sc. 
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contain sensory fibres for the mid-ventral surface; a nerve 
root therefore which may be called somatic motor, with the 
possibility that it contains also some sensory fibres. 

Such an arrangement clearly corresponds to the arrange- 
ment of the cranial nerves of the vertebrates if the 
splanchnic segmentation was derived from the segmenta- 
tion of the prosomatic and mesosomatic appendages, and 
the somatic segmentation was derived from the segmenta- 
tion of the prosoma and mesosoma themselves. In other 
words the peculiarities of the cranial segmental nerves 
would receive an explanation in perfect harmony with my 
theory, if the structures innervated by the vagus, glosso- 
pharyngeal and facial nerves were derivable from modified 
mesosomatic appendages, and those innervated by the motor 
part of the trigeminal and its splanchnic sensory fibres were 
comparable with the modified prosomatic appendages; the 
somatic sensory part of the trigeminal with its ascending 
root would represent the epimeral nerves of the prosomatic 
and mesosomatic carapaces and the eye muscles all that 
remains of the somatic muscles of the prosoma and 
mesosoma. Conversely, if the tripartite arrangement of the 
cranial segmental nérves is due to the survival of the 
prosomatic and mesosomatic appendages in a modified form, 
then it follows that such an arrangement would give place 
to the dual system of the spinal cord by the simple dropping 
out of the appendage nerve ; in other words if, as according 
o my view was the case, the system of appendages fashioned 
e those of the arthropod was given up when the animal 
ame a vertebrate, then, by the dropping out of the lateral 
ed nerves, the nerves would be arranged as in the spinal 
es of the present day; thus we can see how from the 
type of the cranial segmental nerves the type of the 
segmental nerves might naturally arise. 














Vacus NERVE GROUP. 


west vertebrate which possesses all the cranial 
d therefore allows of a direct comparison with the 
rves of the higher vertebrates, 1s the larval or 
[XIL > ' 23 
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Ammoccetes form of the lamprey. The study of Am- 
moceetes, as pointed out in my papers in the Journal of 
Anatomy and Physiology (vols. xxxii. and xxxiii), leads to 
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the conclusion that the mesosomatic respiratory 
of the scorpion-like ancestor still exist as th 
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bearing:diaphragms of the Ammocotes. As is seen in figs. 

` Band 6, there are six complete pairs of diaphragms which 

bear branchie on both the anterior and posterior surfaces 

. forming thus the sides of the respiratory chamber. This 
p = l 
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2 Fig. 0. ; , g 
region of Ammocoetes, split longitudinally (dorsal half). 


8 completed by the last pair,of diaphragms which 
'hie only on one side and headwards by a pair 
ms which carry branchie only on- one side, but 
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.bear as well the two ciliated grooves (Dohrn's pseudo- . 
‘ branchial grooves) which terminate ventrally in the thyroid 
gland. Each of the last six of these branchism-béaring 
diaphragms is supplied by a separate part of the vagus 





; Fia. 7. 


Section throu Geier appendage of ADS SG E zt, branc 
cartilage; v. br., branchial vein; a, br., branchial artery ;. b. s., blood sp 
, pigment; E, 'genso organ; C, ciliated band; E, I, external and in! 
rders; m. add., adductor muscle; m. c, s., striated constrictor m 
m. c. t, tubular constrictor muscle; m. and m. v., musoles of valve. 


nerve and just like the mesosomatic branchial appe 
of Limulus such nerve supplies only this branchial + 
age; similarly the glosso-pharyngeal is the nerve 
second branchial appendage. In fig. 7 I gave a 
through one of these branchial appendages, in 
make it quite clear to you what in my opini 


branchial unit in this primitive vertebrate.. Fu 
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as I have pointed out,! the structure of the branchial lamella 
in Ammocostes and Scorpio is closely’ similar and more 
striking still, the branchial cartilaginous bars so character- 
istic of the vertebrate branchial segments have their exact 
counterparts, both structurally and topographically, in the 
cartilaginous bars of the branchial appendages of Limulus. 

It is worthy of note here that the arrangement of the 
branchial chamber of Ammocostes shows clearly that the 
vagus nerve is not a single nerve, but is formed by the 
fusion of six nerves, each of which supplies a branchial 
segment; in consequence however of the concentration 
which has taken place in the formation of the medulla 
oblongata the separate centres of origin of these six 
mesosomatic nerves have become fused together into one 
long centre, the vagus nucleus, so that the number of 
segments represented by the vagus is not estimated by the 
number of separate cell groups in the central nervous 
system so much as by its peripheral distribution and by its 
epibranchial ganglia; a fact which it is important to bear 
in mind when considering the meaning of the oculomotor 
and trigeminal nerves. 

In our search for the meaning of the cranial nerves we 
come then to the conclusion that the vagus and glosso- 
haryngeal nerves originated as the nerves to a series of 
esosomatic branchial appendages similar to the branchial 
pendages of the scorpion group of animals, which them- 
ves had been derived from a series of free moving 
nchial appendages similar to those of Limulus. In the 
mpanying three figures (fig. 8, fig. 9 and fig. 10,) I have 
ented diagrammatically the appendages and their 
s in the three types of animals, viz., in Limulus, in 
terus and in Ammoccetes, and in order to clearly 
e corresponding parts I have lettered the appendage 
f Limulus and Eurypterus in terms of the nerves 
ocostes and conversely have divided the head 
Ammoccetes into two parts which I have called 
and mesosoma, in conformity with those divisions 
8 and Eurypterus. 
anal of Physiol. and Anat., Op. cit., Parts I., IT., III, 
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S Fre. 10. 
Ammocostes. nerves of visceral segments and cartilages. 


In all three figures V,- Ms Prosomatio ap ppendages and nerves; VII-i1si 
mesosomatic appendage or 'opercular appendage and nerves; IX, Age ee 
remaining megosomatic appendages and nerves; M-ohilaria in Limulus, 
metastoma in Eurypterus, corresponds to lower hp i in Ammocaoites, 


Factan.NERVE. 


The next cranial nerve which belongs to this series of 
sumed appendage nerves is the facial nerve, a nerve 
ch supplies the foremost of the branchial segments in 
brates, and ought, therefore, to have been derived from 
erve of the foremost mesosomatic appendage. Now we: 
at in Limulus, in the Scorpions, in the Pedipalpi, the 
st mesosomatic appendage is known as the operculum, 
ers markedly from the rest of the mesosomatic append- 
consists in all cases of a pair of appendages fused 
in the middle line, and in Limulus and the Scor- 
does not carry branchie but bears the terminations 
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of the genital organs. In, however, the group of the Pedi- 
palpi, Thelyphonus, Phrynus, &c., the operculum consists 
of a median portion which carries the «terminal, genital 
organs and a lateral posterior portion on each side which 
carries the branchise, as is seen in figs. 12 and 18. The 
operculum in these cases is, In fact, composed of the fusion 
of two pairs of segments, a paired branchial segment com- 
_ parable to the other branchial segments, and a paired genital 
: segment fused in the middle line, comparable to the oper- 
culum of the other forms. : 
The difference between the operculum of the scorpion 
group and of the Pedipalpi is shown in the figures 11, 12, 18, 
in all of which the limits of the operculum are indicated by 
dots. The corresponding segment in Àmmoocetes, the facial 
segment, is shown diagrammatically in fig. 14, and also 
-marked by dots; cross lines are drawn on the figure con- 
necting the gill openings of each side so as to mark out the 
corresponding glosso-pharyngeal and vagus segments. The 
thyroid gland has been drawn as though it were two separate 
parts in order to indicate its bilateral character, in reality ^. 
its appearance is as in fig. 15. 
Apparently in the old extinct sea scorpions, Eurypterus, 
Pterygotus, Slimonium, &c., the operculum resembled that 
of the Pedipalpi rather than that of the Scorpion group, and 
in these forms the median genital part was frequently pro- 
longed into a ventral tongue which extended over the first 
two or three branchial segments, as is shown in fig. 9, in 
which the limits of the operculum are marked out by dots. 
+ What did this median tongue in all probability carry 
An answer to this question can be suggested only by findi 
out what is carried by the median portion of the opercul 
in the Pedipalpi or the whole operculum in the scorpi 
These animals are without exception viviparous, and we 
that in both sexes the paired genital organs termina 
a single chamber which has been called in the scorpio 
vagina, aud in Thelyphonus the pterus. This u 
chamber, as we may call it, is formed by the comi 
gether and fusion of the genital ducts which were ori 
as in Limulus, separate, and discharged by two s 
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Fic. 14.—Àmmoooetes, ` 
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openings. In the scorpions it opens directly to the exterior 
by an external orifice, but in Thelyphonus, according to 
Tarnani, it does not open externally, but internally, by a 
large internal orifice into a chamber which he calls the 
genital chamber. This chamber is continuous with the pul- 
monary or branchial chamber on each side, so that the two 
opercular lung books or branchim are dependent mto a 
common respiratory chamber into which also the products 
of the generative organs are discharged. Antenorly the 
uterine chamber terminates in two horns which receive the 
genital ducts on each side. 

An arrangement similar to this description of Tarnan 
existed in all probability in Eurypterus, so that we may 
imagine that the long median ventral flange of the oper- 
culum covered over an elongated uterine chamber. 

If, then, as the whole argument seems to show, the 
ancestor from which such a vertebrate as Ammocwtes arose 
possessed many of the characteristics of these old extinct 
sea scorpions, it follows that the foremost pair of meso- 
somatic nerves, or facial nerves as they are called m Ammo- 
costes, ought to be found to innervate, not only the foremost 
of the paired branchis, but also an elongated median struc- 
ture which might extend in the median veutral line at least 
as far as the second or third branchial segments, and might 
open into the branchial chamber and so indirectly to the 
exterior. This median structure ought to be composed ot 
a long median chamber, in which we might expect to find 
evidence of its original formation from two tubes, terminat- 
ng anteriorly in two korns, and possessing the structure of 
e scorpion uterus. 

It is almest too startling to find that the segment which 
facial nerve supplies in Ammocotes 1s double, the 
erior or hyoid part being, like the glosso-pharyngeal and 
ns segments, branchie-beanng, while the anterior and 
jan or thyroid part, which latter forms a median ventral 
simlar to that of Eurypterus, is not branchial m 
on, but carries that unique organ, the so-called thyroid 





















* Die genital organe der Thelyphonus” Biol. Cert: aldl, vol 
6, 1889. 
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gland, and the two ciliated -or pseudo-branchial grooves. 
.leading into it. Still more startling is it to find that this 
so-called thyroid gland is in reality an elongated chamber 
which opens by a large orifice (Th. o) into the same res- 
piratory or pharyngeal chamber as the branchiw project 
into. In fig. 15 Lgive a drawing of the thyroid of Ammo- 
costes. This large central chamber (C) of the thyroid which 





Fro. 16, 


Figs. 15 and 16: thyroid gland of Ammocates. O, central chamber 

'», which divides anterior to the thyroid orifice (Th. o) into two arts, 4, A‘, con 
. tinuous with the folded down horns, B and B'; Ps br, Ps br’, the ‘two ciliate 
grooves, called by Dohrn pseudo-branchial grooves. In fig. 16 ‘the curl 
portion of the contral chamber is drawn, uncurled and the two lateral hor 

B, B', into which the ciliated grooves pass are slightly separated from 
, central chamber. . 
e 


r 2 4 DH 


ie ‘clearly composed of the fusion of two similar tubes, 
minates anteriorly into. two separate tubes or horns 
which are folded down against the sides of the central 

, and receive the terminations of the two ciliated or pr 
branchial grooves (Ps br.). ‘Tf the curled portion « 
thyroid be uncurled and the side tubes (B) separated : 
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from the central tube (C), then the appearance of the thyroid 
of Ammocœtes would be given by fig. 16, a figure which 
might well be a diagrammatic representation of the terminal 
genital or uterine chamber of a form like Rurypterus. 

Finally, to complete the resemblance, the extraordinary 
character and arraugement of the ceils forming the glandular 
tissue of this thyroid are found in the walls of the uterine 
chamber of the scorpion, as is seen in fig. 17, which repre- 
sents a section through the uterus of the scorpion, and 
through the central chamber of the thyroid of Ammocostes 
respectively. 


AMMOCCETES SCORPION. 















» Muco-cartilage 
Branchial cartilage 


Dro 17. 


Section of central chamber of thyroid of Ammocœtes and section of 
terus of Scorpion. 


Lastly, this remarkable and unique thyroid of Ammocobtes, 
ether with the whole of the thyroid segment, disappears 
transformation, showing by its existence only in the 
l stage that ıt is a relic of the past history of the race 
ot an organ of progressive development. 

absolute harmony, then, with the origin of the central 
s system, is the meaning of the nerves of the medulla 
ata. Just as the medulla itself was formed according 
theory from the concentration of the mesosomatic 
so we see that the distribution of its nerves 
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harmonises with that of the nerves of the mesosomatic 
appendages, the foremost of which was an operculum after 
the fashion of that of Eurypterus, and was supplied by the 
seventh nerve. ` 

The evidence of Ammoccetes’ is conclusive that the 
seventh nerve belongs to the branchial system, t.e., to the 
group of the vagus nerve and not to the trigeminal group. 


TRIGEMINAL NERVE GROUP. 


Turn now to the trigeminal nerve group, the group of 
nerves which according to my theory arose from the con- 
centrated prosomatic ganglia, and ought therefore to have 
supplied prosomatic appendages, ?.e., appendages which did 
not bear branchiæ, but were used for tactile, prehensile and 
masticatory purposes. Such appendages, owing to their 
being serially homologous with the branchial appendages, 
and therefore supplied with serially homologous nerves, 
afford the reason why s0 many observers persist in endea- 
vouring to find in this region primitive branchial segments. 

Let us first consider the nature and number of these 
prosomatic appendages in the invertebrate. Throughout 
the arthropoda these foremost or prosomatic appendages 
form & well-defined group, the numbers of which are 
remarkably constant; thus we find in Astacus that imme- 
diately posterior to the two pairs of antenne there are six 
pairs of prosomatic appendages, viz., the mandible, two 
pairs of maxille and three pairs of maxillipeds, or if the 
second pair of antenne be included, seven pairs. In Limulus 
there are five pairs of locomotor masticatory prosomati 
appendages or foot-jaws immediately posterior to t 
cheliceræ and a small abortive pair, the so-called chilari 
which Kishinouye! from embryological studies reckons 
a pair of true appendages; thus making six pair 
prosomatic appendages posterior to the chelicers, a 
the cbelicere be included, seven pairs. 

In the scorpion, like Limulus, there are five pai 
locomotor prosomatic appendages posterior to the cheli 


















t Journ. of Coll. of Sei., Tokio, vol. v., p. 72, 1891. 
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according to Brauer! there is evidence in scorpions that 
another pair of appendages originally existed corresponding 
to the chilaria of Limulus, and Bruce? has described a form 
of Phrynus from the Bahamas, in which he states that 
something of the nature of chilaria is present. 

Undoubtedly in the extinct sea scorpions the chilaria 
were present in the form of a lower lip or metastoma, which 
was formed by the fusion and forward growth of the two 
chilaria, so that in this group a distinct prosomatic 
chamber was formed which contained five, or including the 
chelicere, six prosomatic appendages. Further, the evidence 
of palwontologists is to the effect that these prosomatic 
appendages, which in Limulus were powerfully built for the 
purpose of tearing and masticating food, had dwindled more 
and more in the various sea scorpions, until as in Eurypterus 

_ they were represented by mere tactile appendages (fig. 9), 
which were all capable of retraction into the chamber 
formed by the metastoma and the hood, with the exception 
of the last pair which had become a locomotor swimining 
apparatus. 

A still further continuation of the same process would 
lead to an animal which possessed only reduced tactile pro- 
somatic appendages situated within an oral chamber formed 
by the forward growth. of the metastoma or lower lip. 

In fact, it is easy to conceive & condition of affairs 
arising closely resembling or even identical with what is 
found in Ammocotes. Here we find, what is not found 
in other vertebrates, a large oral chamber, which contains 
series of tactile organs, the tentacles. This chamber is 
rmed by the forward growth of the lower lip, and was 
iginally completely separated off from the respiratory 
ber by a septum, part of which forms the so-called 
um. 
uch chamber is usually spoken of as the stomodmal 
ination, and the septum is called the septum of the 
odeum. Judging from the description given by Dohrn 
y Kupffer, this chamber is formed by the forward 



















1 Zetisch. f. Wassensch. Zool., 1895, vol. lix 
2 Bruce, Jolms Hopkins Univ. Oé cular, Dec., 1886, p. 47. 
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growth of the lower lip (as is shown in B, fig. 18), and 
not by any process of invagination. In this chamber are 
formed the tentacles, of which five on each side are 
especially conspicuous in the early stages, the median 
ventral one being formed by the fusion of a right and left 
pair. In addition to the tentacles we find also a large 
paired organ, the so-called velum, which contains blood, 
and fills up a large portion of the oral chamber; the 
muscles of the velum are of the tubular type and contract 
synchronously with the tubular respiratory muscles. 

Strange indeed is the appearance of this primitive. 
vertebrate in this region; stranger still to find that at 
transformation these tentacles and velar appendages dis- 
appear and give place to the remarkable suctorial apparatus 
of the adult form. Such conversion of the appendages 
round the mouth into a suctorial apparatus is & common 
trick amongst arthropods. In accordance with all that has 
been urged before as to the meaning of .the transformation 
I look upon these larval appendages as giving a clue to the 
past history of the animal, and therefore to the origin of 
the. great trigeminal nerve of the vertebrate; for it is a 
significant fact that the muscles which the trigeminal nerve 
` supphes in this animal are the muscles of the lower lip, the 
muscles of the two vela, the muscles of the tentacles and 
the muscles of the upper lip; the other muscles of this 
region, the longitudinal somatic muscles, which extend 
forwards nearly up to the nasal orifice, are supplied by 
‘spinal nerves, and the eye muscles by the third, fourth and 
sixth nerves. 

I would suggest, then, that the motor part of th 
trigeminal is the representative not of a single nerve belon 
ing to a single splanchnic segment, but of the fusion of 
series of nerves belonging to six or sevén segments w 
were originally represented by the six or seven prosom 
appendages, viz., the five prosomatic locomotor append 
the metastoma or lower lip and the chelicerm, j 
undoubtedly the somatic sensory part of the trige 
belongs not to one segment but to a number of'so 
segments. 
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Apart from the presence of tentacles and velum, the 
distribution and extent of the nucleus of the motor part 
of the fifth nerve is to my mind significant from this point 
of view; for it appears from the observation of Kölliker, 
Gehuchten! in the trout, Mayser? in Teleosteans, Lugaro ? 
and Obersteiner,* well established at the present time, that 
the descending root of the fifth with its vesicular cells 
belongs to the motor part, so that the motor nucleus of the 
fifth extends from the very commencement of the segmental 
cranial nerves in the region of the beginning of the third 
nucleus down to the termination of the origin of.the fifth 
in the region of the pons. In other words; just as ought 
to be the case, the motor nucleus of the fifth extends 
throughout the whole prosomatic region of the brain, 
though as might also be expected the foremost part of 16 
has thinned down to the dimensions of the descending root. 
Examination of the arrangement of these cells on the 
descending root shows signs of grouping in places, as 
described by Mayser, but such grouping is not definite 
enough to enable us to come to any conclusion as to the 
number of segments represented in this descending group. 
Tt’ is also a most interesting fact to find that the most 
anterior of the cells of this root nearly meet in the middle 
line dorsal to the aqueduct of Sylvius, close to the posterior 
commissure; so that actually cells which give origin to part 
of an outgoing efferent nerve are situated on the dorsal side 
f the central tube. Such a situation of the foremost cells 
the motor trigeminal nucleus is of special interest in 
nnection with ithe statement of Brauer’ that the foremost 
somatic ganglia m the Scorpion travel in the embryo 
the ventral to the dorsal side of the tube of the 
entary canal. ; 
he motor part of the trigeminal nerve in Ammocostes 
almost be spoken of as arising from two roots, of which 
ost posterior supplies the velum and the lower lip, 




















! Bull. de PAcad. Sci Belg., 1895, 8rd Ser., vol. xxix 
'* Zewsch, f Wess, Zool., vol. xxxvi., 1882. 

? Manitore Zool. Ital., vol. v., 1894, p. 171. 

i Nervose Central Organe, p. 404 

5 Op. cit. 
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while the most anterior splits into a series of separate 
branches for the supply of the tentacles and upper lip. 
The characteristic way in which the velar nerve turns 
abruptly- forward to supply the lower lip, and that only 
(fig. 10),! inclines me to the belief that the velum and lower 
lip may belong more closely together than I originally 
thought, and it is worthy of consideration whether the 
formation of the metastoma from the chilaria of Limulus 
may not have originated the velum as well as the lower lip. 

It is, perhaps, worth mentioning here that Kupffer, in 
his recent papers on the embryology of Ammocotes, con- 
siders from the evidence of the so-called epibranchial ganglia 
that the trigeminal nerve is formed by the amalgamation of 
at least five segmental nerves. 

A further and very important clue in the unravelling of 
the trigeminal group.of nerves is afforded by the considera- 
tion of the third, fourth and sixth nerves. s 


Eys MusoLe NERVES. 


AJl observers are agreed that the oculomotor and troch- 
learis nerves belong to the trigeminal nerve group and that 
the muscles they supply arise differently to those supplied 
by the trigeminal, belonging according to my nomenclature 
_ to the somatic group of muscles, and not to the splanchnic 

` group. These eye muscles are remarkably constant through- 
out the vertebrate kingdom, and are as well defined ir 
Petromyzon as in the higher vertebrates; although the 
may be said to belong to the somatic group of muscles, 
by no means follows that they arose as part and parcel 
the great longitudinal muscle sheet from which the somr 
muscles of the body have arisen. The study of the musc 
system in Ámmocoetes shows that the striated muscle 
the animal fall into three categories, (1) the longitu 
‘somatic muscles which are distinguished most marker 

their structure, their origin, and their innervation; ( 


! N.B.—In the figure the velar branch of the trigeminal V, is 
though it went to the most ventral tentacle. This is wrong, it reall. 
the lower lip 
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visceral: or splanchnic muscles; and (3) the eye muscles; 
these latter resemble-the visceral group in structure, but 
arise from v. Wijhe's foremost dorsal mesoblastic segments, 
which he ranks as continuous with the trunk somatic seg- 
ments and not from the ventral splanchnic mesoblastic 
segments. In addition, these eye muscles do not in 
direction: belong to the longitudinal group, but may be. 
spoken of as forming a dorso-ventral rather than a 
longitudinal group of muscles. Confusion has to my 
mind arisen in endeavouring ‘to force the somatic eye. 
. muscle group into the same group as the longitudinal 
somatic muscles. It seems to me highly probable that 
a solution is more likely to be found if these muscles 
are considered in a separate group—somatic if you like, 
but not belonging to the spinal longitudinal muscles. 
The solution which I offer tentatively is as follows:— 
As already mentioned, the prosomatic segmental nerves in 
Limulus and the Scorpions, just like the mesosomatic are 
made up of three nerves, the dorsal or epimeral nerve being 
sensory for the supply of the prosomatic carapace, the 
middle.or lateral nerve being mixed for the supply of the 
prosomatic appendages, and the ventral nerve being mixed, 
in all probability, for the supply of the somatic muscles of 
thé prosoma. Of these three nerves the descendants of the 
first two groups are represented by the trigeminal nerves, 
both motor and sensory, just as the descendants of the same 
two groups are represented in the mesosomatic region by 
‘the ascending root of the trigeminal and the facial, glosso- 
yharyngeal and vagus nerves. Hitherto the third set’ of 
‘erves has not been considered either in the mesosomatic or 
‘osomatic region. The history of the nerves which on my 
"w correspond to this third group is given by v. Wijhe's 
'estigations; in his scheme the first and second dorsal 
dtes give origin,to the muscles innervated by the oculo- 

or and trochlearis nerves respectively, the corresponding 

al segments being innervated by the trigeminal; the 
dorsal somite gives origin to the muscles innervated 

> abducens, and the corresponding ventral segment 

3, to the facial nerve; the corresponding dorsal 


d 
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somites of the fourth, fifth sn sixth segments belonging, 
according to him, to the facial, glosso-pharyngeal and vagus. 
groups do not develop any muscles. Next come the longi- 
tudinal muscles innervated by the hypoglossus, muscles 
which are recognised now-a-days as innervated by the 
spino-occipital nerves, and thus form the foremost of the 
spinal longitudinal group of muscles. My interpretation of 
v. Wijhe’s facts would be that the eye muscles alone repre- 
sent all that is left of the somatic muscles of the prosomatic 
and mesosomatic segments, and that v. Wijhe's evidence 
` goes -to show that whereas these muscles of the prosoma, 
are represented by the oculomotor and trochlearis ‘group, 
the corresponding muscles of the mesosoma have been lost, 
with the exception of the external rectus innervated by the 
abducens. 

The description ‘of the muscular system of Limulus and 
Scorpion has been well given by two pupils of Ray Lankester, 
Benham and Miss Beck.! In both cases the muscles are 
divisible into three groups, viz.: the muscles of the append- 
ages and two groups of muscles of the soma, viz., a longitu- 
dinal group and a dorso-ventral group. Most characteristic ` 
are the mesosomatic dorso-ventral muscles in both animals,  ' 
-the vertical mesosomatic muscles as Benham callsthem. In 
each paired segment a pair of these muscles passes from the 
sternal to the tergal surface; in the prosomatic region these 
segmental dorso-ventral muscles still continue, but are not 
80 simply definable in this region owing to a greater concen- 
tration of the muscles in this region and to the presence of 
the plaetron. We may, however, fairly say that a segment- 
ally arranged series of dorso-ventral somatic muscles are 
` marked characteristic of the prosomatic and mesosoma 
regions in both Limulus and Scorpions. 

T suggest then that the reason for the peculiarities of 
eye muscle group, the reason why they must be placed i 
separate category to all other muscles, is given if the d 
ventral segmental muscles of the prosomatic regio 
represented by the muscles innervated by the oculomot 
trochlearis nerves, while the corresponding muscles 


! Trans. Zool. Soc., vol. xi., 18885, 
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mesosoma have disappeared with the exception of the ex- 
ternal rectus innervated by the abducens. 

If this be so, then the oculomotor and trochlearis nerves 
ought to correspond to the same number of segments as the 
motor trigeminal nerves, and conversely if reason be given 
that the oculomotor nerve is not a single segmental nerve, 
but supplies many segments, then the number of segments 
supphed by the oculomotor and trochlearis ought to help 
the determination of the number of segments belonging 
to the motor part of the fifth. It seems clear that no 
sufficient evidence has been given morphologically which 
compels us to look upon the oculomotor nerve as a single 
nerve. Rabl' has pointed out that v. Wijhe's most anterior 
segments look more like an amalgamated series of seg- 
ments than separate segments, comparable to those in the 
spinal region, and it is clear that if, as I have urged, this 
region is characterised by a special concentration, that that 
concentration may have affected the formation of the 
peripheral segments as well as the nervous metamers. 

To turn from the embryological evidence to the ana- 
tomical, the teaching of recent anatomy is distinctly ım 
favour of a multiple origin of the oculomotor nerve; we see 
that the observations of Perlia on new-born animals led him 
to the conclusion that the nucleus of origin of the oculo- 
motor nerve is made up of a number of cell groups quite 
distinct from each other, each group being comparable to the 
nucleus of the trochlearis. The older observations of Hensen 
and Vélkers were to the effect that the terminal branches of 
the oculomotorius, Ze, the nerves to the separate eye 
uscles, are arranged sagitally behind each other, and can 
e separated physiologically. Bernheimer, Schwabe and 
h have recently by the degeneration method endeavoured 
settle which muscles are innervated from the nucleus of 
opposite side, and what are the limits of the nucleus of 
erve of each muscle. Further observation is necessary 
e we can speak with certáinty on this point, but enough 
een done to lead’ distinctly to the conclusion that the 
of origin of the oculomotor nerve is composed of a 
! dnat. Anzeige, 1892, p. 104, 
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series of nuclei, each of which is equal in value to the 
nucleus of the trochlearis. Each of these gives origin ap- 
parently to one of the nerves belonging to one of the eye 
muscles. Some of these cross like the trochlearis to supply 

the muscles of the opposite side, while some pass direct to 

the muscles of the same side. If then each superior oblique 

_ muscle represents a dorso-ventral somatic muscle of a seg- 
ment, similarly each inferior oblique, superior rectus, inferior 
rectus and internal rectus represents the corresponding 
` dorso-ventral muscle of four other segments, and I should 
come therefore to the conclusion that the oculomotor and 
trochlearis nerves represented the ventral somatic nerves of ' 

at least the first five prosomatic segments, the appendages of 
which are represented by the upper lip and tentacles. I 

say at least because the meaning of the levator palpebrse ` 
superioris and the retractor bulbi muscles has not been con- 
sidered. Coming now to the abducens and the external 
rectus muscle I cannot agree with Hatscheck! that this 
muscle arose in Ammocostes as part of the longitudinal system 
of somatic muscles ; it belongs to the dorso-ventral group just 
as much as the other eye muscles, and has the same struc- 
ture. Its nucleus of origin belongs rather to the facial 
region than to the trigeminal, and the muscle arises according 
to v. Wijhe in connection with the facial segment. Neal? has 
published lately an interesting account of the relation of the 
&bducens to the neuromeres, from which he concludes that 
the abducens is the sole representative of a series of ventral 
nerves belonging to the facial, glosso-pharyngeal and vagus 
segments. These nerves in all probability originally inner- 
vated opisthotic musculature ` the muscle of one, howeve 
has taken up & prootic position, and this one alone h 
survived in the shape of the external rectus. 

.Translating these conclusions of Neal into the langu 
of this paper, I should say that the external rectus mu 
is the sole survivor of a series of similar dorso-ventral 
somatic muscles, and that it has survived because i 















! Anat, Anserger, 1892. 
+ Neal. “The segmentation of the nervous system in Squalus aca’ 
Bull. of Mus. of Comp. Zool., Harvard, vol. xxxi., p. 147, 1898, 
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taken on a prosomatic position in connection with the other 
prosomatic dorso-ventral muscles. 

An additional plausibility is given to this suggestion by 
the observation of Benham that the dorso-ventral somatic 
muscle of the foremost mesosomatic segment in Limulus 
has taken up a prosomatic position, owing to the shifting of 
the foremost entapophysis on to the prosomatic carapace. 

I suggest, then, that the eye muscle-nerves may very well be 
the remnants of the nerves which supplied the dorso-ventral 
somatic muscles of the prosoma; the abducens alone having 
originally belonged to the mesosomatic region. Such an 
„explanation gives an adequate reason for the absence of 
muscle spindles in these muscles, as noticed by Sherrington, 
an absence which would be decidedly improbable if these 
muscles were originally part of the ordinary somatic muscles 
of ‘the body. It also to my mind explains Sherrington’s 
inability to find the ganglia cells of the sensory nerves of 
these muscles, for if they are the only remnant of this old 
somatic muscular system, I should expect that the cells of 
their sensory nerves would be in the oculo-motor nucleus 
itself, or, at all events, within the brain, and not yet differen- 
tiated into posterior root ganglia. 
















GIANT-CELLS AND GIANT-FIBRES. 


This trigeminal or prootic region of the brain affords 
yet another clue, which I cannot help thinking is of great 
significance, viz., the presence and function of the giant- 
ells and giant-fibres. 

These fibres are the well-known Mauthnerian fibres of 
e fish, which arise from’ the giant-cells in the region of 
eighth nerve. These giant-cells, one on each side, are 
st conspicuous on each side of the middle line, and send 
ir dendritic processes to mingle with the fibres of the 
nerve, their axis-cylinder process, which forms the 
hner fibre, crosses soon after it leaves the cell, and 
down the cord right to the tail; here it breaks up, 
believed by Fritsch! and others to supply directly the 
Mech. Untersuch. fb. d. feineren Bau d. Fisohgehirns, Berlin, 
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muscles of the tail Thus Bela Haller! says:—‘‘ The 
. Mauthnerian fibres are known to give origin to certain fibres 
which supply the ventral roots of the last; three spinal 
nerves; so that their end branches serve'in all probability 
for the innervation of the muscles of the tail fin.” They do 
not occur, according to Haller, in the eel, or in the Siluroids, 
according to Kolhker.* For this reason Fritsch’s original ` 
conclusion that these giant-fibres are associated axis- 
cylinders for certain definite coordinated movements of the 
fish, especially for the lateral movement of the tail, gains in 
probability. When we pass to the Ammoccetes we find this 
, system of giant-fibres, which are here called Müllerian fibres, . 
Amore extensively represented. The giant-cells are divisible 
into three groups. The first group consists of three pairs 
in front of the fifth nerve, of which two are in front of 
the exit of the third nerve and one pair at the origin of the 
third nerve. 

The second group consists of a number of cells in the 
region of the nucleus of the fifth nerve. 

. The third group consists of a number of cells at the ` 
: level of the entrance of the fibres of the eighth nerve. 

The largest cells are found in the first and third groups. 
The Müllerian fibres, to which these cells give'origin, largely 
decussate, as described by Ahlborn, and then become the 
most anterior portion of the white matter of the cord, 
forming a group of about eight fibres on each side. A few 
fibres are also found laterally and slightly dorsally to th 
grey matter. These giant-fibres pass down the cord righ 
to the anal region ; their ultimate destination is unkno 
Mayer' considers them in the first part of their course 
form the posterior longitudinal bundle, and I should imagi 
therefore, that the spinal part of their course would re 
sent the antero-lateral descending tract, and that the t 
group in connection with the eighth nerve represents Dei 
nucleus; the whole system being probably a coor 
mechanism, connected possikly with the maintenar 














1 Morphol, Jahrbuch, vol. xxiii., 1895, p. 98. 
+ Handbuch der Gewebe Lehre, 6 Aufl., vol, ii., 1893, p. 16 
* Anat. Anzeig., bd. xii, p. 649. 
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muscular tone, which arises entirely in the prootic or pro- 
somatic region of the brain, the great coordinating and 
equilibration region par excellence. 

If we turn now to the Arthropod, it is a striking coinci- 
dence that in the crayfish and in the lobster the work of 
Retzius,! of Celesia,? of Allen,? and many others, demonstrate 
that an equilibration mechanism exists for the swimming 
movements of the tail muscles, which is carried out by 
means of giant-fibres, which run as axis-cylinder processes 
of giant-cells in the brain region through the whole ganglion 
chain, to supply the tail muscles; nay, more; just as the 
Mauthnerian fibres are said to branch and supply the tail 
muscles with motor fibres directly, so the two giant fibres 
in the crayfish cord, according. to Retzius, branch at the last 
abdominal ganglion, to pass out directly with the nerves to 
the tail fin. - Allen has shown that in addition to these two 
giant-fibres, there are » number of other fibres, some of 
which cross, some do not; each of which arises from a large 
nerve-cell and passes to the last abdominal ganglion. These 
latter fibres, he says, send off collaterals, while the two giant- 
fibres do not. The cells which give origin to all these large, 
long fibres are situated in or above the prosomatic region of 
the brain, just as the giant-cells, which give rise to the cor- 
responding Mullerian fibres of Ammocotes. How far this 
system is represented in Limulus, or the Scorpion I do not 
know. ` 

It is to my mind improbable that the Mauthnerian fibres 
hould pass out directly as motor fibres to the muscles of the 
il fin; it is more likely that they are conducting paths 
tween the equilibration mechanism in connection with the 
hth nerve and the spinal centres for the movements of the 

Similarly with respect to the arthropod it is difficult 
elieve that the motor fibres for the tail muscles should 
in the brain region. In either case, the striking coinci- 



















ol, Untersuch., i. 1890. “ Zur Kenntniss des Nervensystem der 
en.” 


erensiamento d. proprietà inhib. e. d. funsioni coo dunatrici n. catena 
d. crostaces decapods, Genoa, 1897, p. 

udies on the Nervous System of Crüstacen," Q. J. of Micr. Kci., vol. 
401. 
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dence remains that the movements of the tail end of the 
body &re regulated by means of giant-fibres which arise from 
giant-cells in the head region of the body in both the arthro- ` 
poda and the lowest members of the vertebrata. 





Fig, 18. 
A, median MM section through head of young Thelyphonus; B, 


sagittal section through head of young Ammocœtes; C, median sagittal 
through head of full grown Amrmocootes, 

: In order to complete this history of the meaning 
cranial nerves, I ought now to consider the nerves of 
sense, especially the auditory and olfactory. It is, h 
impossible in the limits of a single address to brin 
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yon all the ene which exist between the cranial 
nerves of Ammocotes and the nerves of the Scorpion and 
, Limulus group. I will content myself with mentioning 
that, as pointed out in my address to the British Association 
at Liverpool, the auditory nerve and auditory capsule may 
well be represented by that extraordinary sense organ—the 
flabellum—of Limulus, while the olfactory nerve and nasal 
organ of Ammocootes, as is seen in fig. 18, corresponds 
most closely with the camerostome of the Scorpions, Thely- 
,phonus, Ze, 

~ The views which I have put before you can be presented 
in the form of the following table, which is intended only to 
represent the general nature of my conclusions, and in the 
‘last column I give v. Wijhe's gegments to show how they 
compare with mine. 

Such then is the conclusion to which my theory of the origin 
of the central nervous system of vertebrates from the central 
nervous system of an arthropod ancestor logically leads, viz., 
that the cranial segmental nerves represent the original type 
of segmental nerves, and are all derived from the correspond- 
ing segmental nerves of the arthropod. The spinal type is 
a more recent type, and like the spinal cord is a vertebrate 
characteristic. One ‘great reason why I feel that my theory 
is based on true lines, and will ultimately be accepted, is 
because it is in harmony with what is to my mind the great 

rading conception underlying the whole evolutionary pro- 
‘ss, that all upward progress in the animal world is corre- 
‘ed with a steady growth of the central nervous system, 
iecially.of the foremost part of it or brain. 
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CEREBRAL DIPLEGIA. + 


BY JAMES S. COLLIER, M.D., B.SO.LOND., M.R.C.P. 
Senior House Physician to the National Hospital, Queen Square, W.-C. 


THE subject matter of this paper consists of three 
. parts :— 
Part I—An account of some cases of cerebral diplegia. 
. from the wards of the National Hospital, with a patho- 
logical report upon two cases by Dr. Risien Russell. 
Part II.—A. summary of the present knowledge and 
opinions concerning cerebral diplegia. 
Part III.—AÀ bibliography of the subject. , 
















Parr I 


An Account of some Cases of Cerebral Diplegia observed 
` at the National Hospital. 


The following cases of typical cerebral diplegia show 
important stiological relations and a progressive and inter- 
sting 5 riploniniology. f l 

In the literature of the subject there are very few cases 
corded in which there has been an opportunity for patho- 
gical investigation of the central nervous system, aba time 
en the onset of the disease was still comparatively recent. 
h difficulty has arisen in the attempt to correctly esti- 
the nature of the initial morbid process of the disease 
the anatomical characters of central nervous organs 
ed at a time relatively remote from the onset of the 
during which time secondary morbid processes, 
clerosis, tissue absorption, &c., have occurred. In 
e cages the central nervous system was examined 
ost recent methods of histological investigation 
Ler the onset of the malady, death having occurred 
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while the symptoms were still progressing, and while it may 
be fairly argued that the initial morbid process was still 
active. In these cases the same pathological condition was 
found, and it throws considerable light upon the origin of 
diffuse and lobar cerebral sclerosis, which are commonly the 
final lesions found in cases of cerebral diplegia. 

I am indebted to the kindness of Dr. Bastian, Sir 
William Gowers,’ Dr. ‘Ormerod, and Dr. Tooth, for per- 
mission to publish the notes of these cages, and to Dr. 
Risien Russell for the pathological report. 


Case 1., DERART Rigidity : Autopsy. 


, H, G., aged. TEM years, was admitted into the National Hos- 
pital under the care of Dr. Bastian, in December, | 1897, with - 

The family history was unimportant. The father denied 
venereal disease, and no facis were elicited suggesting syphilis. 
The patient was the youngest but one of five children, and the 
other four were strong and well. 

The history was as follows :— 

She was a full term child, and the birth was natural. She 
began to talk and walk at eighteen months old,’ but she was never 
able to walk alone. At this time she was much frightened by a 
lamp explosion in the room where she was sleeping, and the 
mother stated that she had been very nervous ever since. She 
had none of the usual ailments of childhood. 

In August, 1897, she appeared to be generally unwell, and di 
not take her food: for'&'few days. She was very fretful, and 
was noticed: that she began to have difficulty in crawling abo 
She gradually became weaker in the limbs, and the limbs bees 
stiff. She gradually lost: her- ‘speech, and in November, 1897, 
began to have:great difficulty in. swallowing, and the legs be 
“ stretched out stiff” and could not be bent. She had no 
convulsion at any time. 

On examination she was a podrly nourished, fresh comple 
child, with no signs of congenital syphilis. As she lay in 
appearance was very remarkable. There was spontane 
nystagmus: of mell range, both rotatory and lateral. 
wore a fixed, rather. bright expression, with the eyes 
and staring." There was absolutely no emotional pl 
features, and when she cried the angles of the mouth w 






















Fra. 2. 
Altitude in Generalised Rigidity. Case 2. 
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drawn back to a slight extent; the expression was “ starched ” ; 
the head was slightly retracted. 
The left arm was held across the chest, rigidly flexed to an 
acute angle, the right was less rigidly extended by her side. 
Both lower extremities were rigid, and there was pes cavus in 
‘both feet. The right knee was hyperextended to a marked degree ; 
the right foot was dropped. 
i The left knee was kept rigidly flexed at an angle of 120°, and 
was adducted so as to cross the other knee. The abdomen was 
retracted. 

This facial aspect and the position of the limbs did not change 
at all during the nine months she remained in hospital. 

Her mental state was very much reduced. She would turn 
her head when her name was called, and would follow & bright 
object with her eyes. She tried to laugh when a doll was given 
her. She uttered no articulate sound at all. She did not seem 
to understand simple questions. 

Vision did not seem to be much impaired, but both optic dises 
were very pale and atrophic, and thé vessels were small. There 
was no deafness. The pupils were equal and reacted normally. 
There was marked spontaneous rotatory and lateral nystagmus. 
The ocular movements otherwise were good, and there was no 
strabismus. 

The palpebral fissures were wider than normal, and the face 
wore the curious fixed expression described above. When the 
child screamed the lower face was more drawn down on the left 
side than on the right. 

There was great difficulty in swallowing ; only small quanti- 
ties of semi-liquid food could be taken without the patient 

hoking. 

All the trunk muscles. were gtiff, and respiration was pre- 
onderatingly abdominal. 

The position and rigidity of the limbs has been already de- 
ibed. She could make all the movements of the left arm 
wly and clumsily, but she was entirely unable to move the 
t arm and both legs. 

here was great pain on any attempt at passive flexion of the 
joints. 

ensation seemed quite unaffected. The sphincters acted 
ally. 

The plantar reflexes were brisk, and were of the extensor type. 
ihe abdominal reflexes were brisk. The knee-jerks were present, 
but very dificult to obtain on account of the EEN No foot 
clonus was obtained. 
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The child remained in' the same condition, except that the left. 
arm gradually became rigid and motionless, and that there was 
considerable emaciation. An attack of broncho-pneumonia proved 
fatal in September, 1898, ten months after admission. 


Fig. 1 is taken from a photograph of the patient four 
months after admission. 

In the history of this case there is nothing to suggest the 
cause of the'disease. The child began to walk at the usual 
age, and though apparently healthy till two years and nine 
months old, was never able to walk alone. This fact sug- 
gests that some pathological process was in operation long 
before the onset of definite symptoms. The mother’s 
account of a fright may probably be dismissed as an instance 
of the tendency to attribute illness to some definite incident 
which has become fixed in the memory of the person from 
whom the history of an illness is obtained. It is likely that 
the general ill-health immediately preceding the onset of 
definite symptoms may have been an important factor in the 
precipitation of a morbid process already in activity, rather 
than the initial manifestation of disease in a healthy subject. 
That these symptoms were evidence of an acute tissue pro- 
cess causing the disease is, I think, rendered unlikely by the 
subsequent regularly progressive course of the disease, when 
the general health of the patient appeared normal. It is 
especially important, in the consideration of cerebral diple- 
gia, to bear in mind that the sudden appearance of symp- 
toms in an apparently healthy subject does not argue agains 
the congenital origin of the disease. The tissues are endowe 
with & certain tenure of life only, and their tenure of li 
may be greatly shortened by the occurrence of morbid pr 
cesses during development and by hereditary influenc 
Congenital morbid processes may suddenly produce s 
toms in subjects who have been apparently healthy fo 
long period. The truth of this assertion is frequently 
denced in cases of hereditary insanity, -adolescent ge 
paralysis, Friedrich's disease, myopathy, &c. The effe 
an acute illness in precipitating symptoms due to an alrea 
acting morbid process is, perhaps, often not sufficientl 
recognised, and what is in reality only an immediate exciting 
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cause is considered the ultimate factor in ‘disease. The not 
uncommon, occurrence of: the first symptoms of tabes, dis- 
seminated sclerosis, and paralysis agitans; after attacks of 
influenza, serves as & good example of the immediate 
exciting effect of acute illness upon chronic morbid pe 
cesses. 

The clinical picture of the case was one of severe gene- 
ralised rigidity. Some.of the signs are worthy of comment. 
Optic atrophy is of rare occurrence in these cases, and has ' 

been reported only in the more severe forms of this disease: 
It is probably due to the same pathological process affecting 
the retina as occurs in the cerebral cortex. The spontaneous 
nystagmus, staring expression and mask-like face are cardinal. 
“signs of spasticity of the ocular and facial muscles. 
. Difficulty of deglutition occurs not infrequently, and is 
, referable to slow contraction and stiffness of the pharyngeal 
muscles. Head retraction, which may be sufficiently marked 
to suggest the presence of meningitis, occurs in cases where 
-the trunk is severely affected. The extensors of the neck 
"are much stronger muscles than the flexors, and when both 
` flexors and extensors are equally eee a position of exten- 
- sion of the head occurs. 

The position of the limbs in ihis: case, and in the next | 
to be described, was peculiar, combining two characteristic 
attitudes described in cerebral diplegia; the left limbs being 
in the.“ attitude of adoration,” and the right limbs in a 

position of rigid extension (vide infra). 
| Where voluntary movement was possible the E 
ance of rigidity over loss of power was marked. This pre- 
onderance of rigidity over paralysis is characteristic of 
rebral diplegia. | 
















-Pathological Report by Dr. Risien Russell. 


An autopsy was performed twenty hours'after death. 

The dura -mater was slightly adherent in places to the 
arachnoid over the upper part of the convežity of the hemi- 
spheres. X gi 

The lepto-meninges were irregularly thickened over the 
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“upper part of the convexity of both hemispheres, the process . 


being evidently chronie, and no evidence of fresh. exudation 
or pus was detected. ; Con E : 
` There was well-marked’ compensatory codem of the pia 
arachnoid. eS 
The convolutions of both cerebral Reese showed 
marked general atrophy, with widening of the sulci, the con- 
dition being most pronounced in the frontal lobes and upper 


` part of the central convolutions, but the occipital lobes algo 


presented ‘somewhat of a “ rabbit's intestine ” appearance. 
On palpation-the brain felt unduly firm, and there was 


' nothing in its appearance or to the touch which suggested | 


the presence of hydrocephalus. The meninges at the base 
showed absolutely no sign of thickening or other evidence of 
old or recent meningitis, and they were equally free from 
any such change at the exit from the fourth ventricle. - 

- After the brain had been hardened in formalin, sections 


into each cerebral hemisphere at different levels failed to .. 


-reveal any abnormality in connection with the centrum 


.. formalin, and other parts in Müller's fluid, and in the subse- 


ovale, internal capsule, basal ganglia or any other part. 
. When the lepto-meninges were removed a general 
granular appearance of the cortex was obvious: The con- 
dition, as seen on macroscopical examination, suggested & 
sclerosis’ of the cortex with shrinking. 
The lungs showed marked broncho-pneumonia. 
. Paris of the central nervous system. were preserved in 










A 


quent examination of sections made from the brain, cere- 
bellum, pons, medulla, spinal cord, and ‘optic nerves, the 
methods of staining employed included those introduced -b 
Nissl; Marchi, and Pal, in addition to which stains ' such 
hematoxylin, eosin, and aniline blue-black were used. , 

Brain. — Apart from the patchy thickening of the 
meninges already described, no evidence of meningitis is 


_ seen, nor is there any undue engorgement of the meningeal 


vessels, whose walls further appear free from any abnormal 
thickening. The cerebral substance itself is equally: free 
from any inflammatory: changes, either of an acute or 
chronic character. The blood-vessels are not unduly plenti- 
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ful, they are not engorged, their walls are natural, and none 
of them are seen to be thrombosed. Moreover, there is no 
sign of any perivascular round cell proliferation, no heemor- 
thages, and no increase of interstitial tissue that can be 
regarded as constituting any sclerosis of the brain. The 
feature which arrests the attention of the observer on 
examination of sections from different regions of the cortex 
of both cerebral hemispheres is the great psucity of pyra- 
midal cells. In some parts scarcely & cell of the lind is 
revealed by the stains employed, while in other parts groups 
of pyramidal cells are seen; but even these are obviously 
greatly altered, most of them presenting & marked degree of 
atrophy. There is nothing in the appearance of the cells to 
suggest anything of the nature of an acute degeneration, for 
neither the cella nor their nuclei present any signs of 
swelling, nor is destruction of the cells with extrusion of 
their nuclei a feature in the changes seen. Many of the 
cells present preserve more or less of their normal pyramidal 
shape, but they are all below the normal in size, many of 
them very much so. There is a diffuse staining of the cells 
by the Nissl method, with no tendency to picking out of 
the so-called Nissl bodies or chromatic substance which 
forms so striking a feature in normal pyramidal cells treated 
according to this method. 

Pons and medulla.—Apart from degeneration of the 
pyramidal fibres on both sides of the pons and medulla, 
there is no obvious change either of the nature of a secon- 
dary degeneration or sclerosis of any of the other tracts 
of fibres such as the fillet, posterior longitudinal bundles, 
superior and inferior cerebellar peduncles, and the like, or 
of the nature of an inflammatory reaction, or a softening 
the result of thrombosis. With regard to the degeneration 
of the pyramidal fibres, it is noteworthy that in sections 
prepared by the Marchi method but few nerve fibres show 
the typical reaction to osmic acid which we are in the habit 
of meeting with when there is acute destruction of the 
myelin sheaths. The myelin sheaths of a large number of 
the fibres stain rather a greyish black instead of the usual 
intense black colour, and there is in addition a diffuse 
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speckling of the section with black dots within the degener- ` 
ated areas: The appearances which are being described are 
_ not due to post-mortem change; but, from the experience 
, which I have gained from similar observation in other cages, 
I am led to regard them as evidence of nutritional changes 
occurring slowly in the myelin sheaths as opposed to the 
rapid changes which occur when they are suddenly severed ` 
from their source of tropic supply. In short, the changes 
. presented by the myelin sheaths of the pyramidal fibres are 
compatible with some slowly progressing degenerative or 
atrophic change going on in the part of the neuron known 
, as‘ the cell, rather than with any acute destruction of the 
cells. 

. As seen with the unaided eye in sections stained by | 
Pal’s method, the pyramids-appear completely degenerated, - 
but under the microscope many nerve fibres are seen to be 
normal, these being of various sizes; more of these are 
- present in-one pyramid than in the other. Many pyramidal 
fibres that still stain when sections are treated by Pal’s 
method are swollen and ad changed to a variable 

degree. 

Spinal Cord.—There is marked awa of the 
. erossed and direct pyramidal tracts on both sides of the 
‘cervical region of the spinal cord, the area occupied by 
the degeneration, in regard to both the:crossed and direct 
. pyramidal tracts, being more extensive on one and the same 
side of the cord than on the opposite side. The same dis- 
tribution of the degeneration is met with in ‘sections taken 
, from different levels throughont the whole extent of the: 
-thoracie portion of the cord; but whereas the degeneration 
‘of the crossed pyramidal tracts is still distinct throughout 
the lumbar and even in the sacral region, no obvious degen- 
eration is seen in the. direct pyramidal tracts, with the 
unaided eye, in sections prepared by Pal's method. Ünder 
the microscope, however, the' degeneration of the direct 
pyramidal tracts can be traced into the lumbar region of 
. the cord; this is an especially easy task in so far as the 
more extensively degenerated direct tract is concerned. In 
the sacral region; however, no definite indication of degen- 
eration of either direct tract can be determined. . 
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“All the other tracts ‘of the spinal . cord are natural, none 
e them presenting any evidences of degeneration or other 


change, while the grey matter is everywhere equally free . 


from any obvious abnormality. 
Optic Nerves.—As seen both on longitudinal and trans- 


verse section, there is obvious atrophy and degeneration of, 


the optic nerves. The, bundles of nerve-fibres are shrunken, 
and the spaces, -between them much in excess of the normal, 
- but there is nowhere any evidence of inflammatory changes 
occurring in the interstitial tissue. 


Qase Ree Rigidity : Autopsy. 


D. J., aged 24 years, was admitted into the National Hos- 
pital, under the care of Dr. Bastian, on April 18, 1898. Her 
‘mother said that she had lost the use in an her limbs since & fall 
three months before. , I 

Both parents were healthy, and dis father EE venereal 
disease. One child of their oe was alive and well, and one 
died, prematurely born. 

The mother's last pregnancy was a molar pregnancy. There 
was no history of nervous disease in the family. . 

The history of the case was as follows :— 

The patient was born at-full term, and the birth was natural. 
She was quite healthy till the onset of this illness, three months 
before admission. She was always a'bright, intelligent child, and 
could walk well when the illness came upon SE She had not 
learned to talk. 

. Three months before admission, when in Ae healih, she 
- had e fall against the edge of a tub, but did not strike her head, 

-and did not seem to be much hurt. To.this fall the mother attri- 
_ buted the illness. 

. Three days later she was noticed to, be poorly, and did not 
take her food. On the following day she complained of her head 
aching, and she was noticed to squint and to be unsteady on her 
‘legs. After this all four limbs gradually became weak, so that 


' the child could not sit up, and a month afterwards all four limbs 


had become stiff, and had assumed the position to be subse- 
quently described. 

' The headache was only complained of for two days. The 
child had not been convulsed, nor had she Kater at any paripa 
of her illness. ~, t 


' 
You. 
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-A fortnight before admission the mother first noticed difficulty 
in'swallowing, and that the head was thrown back. 

On examination the patient was œ well-nourished, delicate- 
looking child. She lay on her back in bed, with the head slightly 
‘retracted. ‘She was very fretful, and quite conscious. She put 
out her tongue and grasped a finger on command. She did not 
utter any articulate sound. 

Bo far as they could be tested, the special senses seemed 
normal, Vision was certainly acute. The optic dises were 
normal, 

The pupils were unequal ; right = 6 mm., left — 2-5 mm. Both ` 
reacted to light, and during convergence, but the night much more 
sluggishly. than the left. 

There was quick, spontaneous rotatory and lateral TS 
of small range, in all positions of the optic axes. 

There was no strabismus, and the ocular movements were 
good. She followed a bright light presented to her view, per- 
‘fectly in every direction. 

. Thé face had a fixed, starched, pained expression, and there 
‘was a marked absence of any emotional play of the features, 
This was particularly’ noticeable when the child was crying. 
There was considerable difficulty with deglutition, and it was 
, necessary to feed hér with semi-solid food. 

There was marked rigidity in all the trunk muscles. Respira- > 
tory movements were preponderatingly abdominal. i 

The condition and position of the limbs closely resembled 
those of the patient H. G. They presented no marked wasting 
and no tremor. The elbows were rigidly flexed to an acute angle, 
and adducted (attitude, of adoration). She did not move the elbow 
or shoulder joints at all. Passive movements at these joints 
required much force, on account of the extreme rigidity, and such, 
movements caused great pain. She could flex and extend. the 
fingers imperfectly and slowly. The left lower limb was rigidly 

` extended, and the left knee was hyperextended. The right lower 
limb was rigid, in a position of slight flexion and adduction at the 
hip joint, and flexion at the knee joint. 

Both feet were dropped, the dorsa being in a line with the ` 
tibie, and were inverted. She could move the lower extremities 
at all joints, but very feebly, and with a very small range of 
movement. The rigidity of the lower extremities at all joints 
was 80 great that extensive passive movements were impossible, 
and the attempt to perform them produced great pain. 

So, far as could be ascertained, there was no defect of objec- 


/ 


E 


CEREBRAL DIPLEGIA 383 


tive sensation, and she did not appear to suffer any pain except 
when the limbs were moved. 

The sphincters were normal. The cranium was normal, 
except that the anterior fontenelle was still to be felt. 

The plantar reflexes were present, and showed an extensor 
response on both sides. The abdominal reflexes were brisk. The 
knee-jerks were obtained with difficulty, owing to the rigidity. 
No ankle clonus was obtained. This patient remained in the 
hospital until her death six months after admission. She 
emaciated considerably, and had several attacks of broncho- 
pneumonia, the last of which proved fatal. During this time the 
aspect of the case did not alter materially. Swallowing became 
more difficult, and the four extremities became completely para- 
lysed and rigid. The position of the upper extremities changed. 
The left arm became rigidly extended a month after admission, 
and at this time a photograph, reproduced in fig. 2, was taken. 

Subsequently the right arm became extended, and both arms 
became adducted to the sides and pronated to an extreme degree, 
so that the olecranon processes looked directly forwards (extension 
pronation attitude). The condition of the lower limbs, the nys- 
tagmus, the inequality of the pupils, and the optic dises remained 
the same. 


In this case there are some facts suggesting a patho- 
logical maternal condition during pregnancy. The child 
preceding this one was prematurely born, and lived only a 
short time, and the pregnancy following the birth of this 
patient was a molar pregnancy. 

As in the first case reported here symptoms of general . 
illness immediately preceded the onset of the nervous symp- 
oms, and up to this time nothing had suggested that the 
hild was not absolutely healthy. 

The clinical picture was almost identical with that of the 
preceding case. The transient squint, inequality of the 
pupils and slowness of pupil reaction have been noted in 
` many recorded cases. 


Pathological Report by Dr. Risien Russell. 
The autopsy was performed fifteen hours after death. 
The skull cap and dura mater were natural. The brain 
was considerably smaller than the bony case of the skull,, 
there being o large space between the inner surface of the 
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"bone and the surface of the cerebrum. The lepto-meninges 


were natural, and there was no evidence of meningitis. 
Although. the brain was obviously small as a whole, there 


. Was very little shrinking of the convolutions or widening of 


the sulci; but the latter were a little more marked than 
mormal shout the central Ge and hinder part of 


-the frontal lobe. 


The arrangement of the eh was normal, and ` 
there-was none of the * rabbits intestine " appearance of the 
frontal and occipital lobes such as.was seen in the case of 
H. G. "There was no softening of the convolutions on the 
surface and no evidence of hydrocephalus. On palpation. 
the brain was unduly firm. The pia mater could be stripped 
from the convolutions without tearing the cortex. The cere- 
bellum, pons and medulla appeared normal. After harden- 


ing-in formalin the surface of the convolutions presented a 


granular appearance when the pia arachnoid was stripped 
off such as was seen in the case of H. G., but to & much ` 
slighter extent. 

On making horizontal sections into the two hemispheres 
no gross change was found. The grey matter was obviously 
reduced in places, though more or lesa irregularly so. The 
white matter was &lso reduced, quite narrow bands repre- 
senting the internal capsule and the entering fibres from the 
frontal and occipital lobes. The basal ganglia, on the other 
hand, appeared well developed. 

As in the case already described, so in this one, parts of 
the central nervous system were preserved in formalin ‘an 
other parts in Müller's fluid; and the stains employed in th 
preparation of sections for microscopical examination were 
those devised by Nissl, Marchi, and Pal respectively, in 
addition to which hematoxylin, eosin, and aniline blue- 
black were used. 

Brain. —Microscopical dann of the cerebral 'me- 
ninges reveals evident osdema of the pia arachnoid, the two 
layers of the membrane being separated from each other 
to'& considerable extent without there. ‘being anywhere' the 
slightest evidence of any inflammatory reaction. The vessels: 
of the meninges are natural, and there is no perivascular 
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proliferation of round cells, no multiplication of nuclei, and 
the like; and apart from ‘the spacing dot of the meninges in 
consequence of the cedema, there is, no evidence of thicken- 
ing of them indicating any past or chronic inflammatory 
change. Nowhere is there any sign of unduly thickened 
bands of fibrous tissue extending into the substance of the 
.cerebral cortex from the pia mater. 

The great feature which immediately obtrudes itself on 
the observer on microscopical examination of the cortex is 
the singular scarcity of pyramidal cells. This remark applies 
' to all the different layers of these cells. Not only is there a 
great paucity of such cells, but those that are present 

are obviously markedly changed. Scarcely a pyramidal’ 
cell is to’ be seen which reaches the normal standard 
as regards size; the majority of them are considerably 
_ atrophied and shrunken, but none show any evidence of 
swelling of the cell or of its nucleus, nor is there any evi- 
dence of destruction of the protoplasm of the cells with 
' extrusion of their nuclei and so-on. There is a diffuse 
staining of the chromatic substance of the cells instead of 
the so-called Nissl bodies being picked out as ‘obtains under 
normal conditions. The-.change is patchy in distribution, 
for while in parts scarcely a pyramidal cell is revealed by 
the stain, in other parts groups of such cells are seen, some 
of which are extremely atrophied, while others preserve 
j more or less of their normal pyramidal shape. These 
changes do not appear to be limited to any one region of 
the cerebral cortex, as though sections were examined from 

ifferent parts of both cerebral hemispheres, in all the 
same changes were seen, evidently consisting in a primary 
degeneration of the neurons of the cortex. Whether any 
of the paucity of the pyramidal cells is due to their never 
having developed, or. whether all the changes are to be 
ascribed to degeneration of such cells which had at one 
‘time been normally dere it is not, of course, possible 
io say. i 

- The: blood-vessels i in the cortex are not TET plenti- 
. ful, they are not engorged, and their walls show no evidence 
‘of any undue thickening. 
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There i is nowhere the slightest sign of any inflammatory 
'reaction, such as perivascular round-cell proliferation, multi- . 
. plication of.nuclei, and the like. Nor is there the slightest 

sien Of sclerosis, as evidenced’ by increase of interstitial . 
‘tissue. Moreover, no thrombosed vessels, and consequent 
softening of cerebral substance is anywhere to be seen. ' 

The cerebellum, pons, and medulla oblongata also. show 

no evidence of inflammation, softening, or sclerosis. 
.", The only noteworthy feature in the pons and medulla 

‘oblongata is degeneration of the pyramidal fibres. In oe 
' tions prepared by Pal's method the pyramids appear com- 
, pletely degenerated, as seen with the unaided eye, but under 
the microscope many more or less normal fibres are seen , 
scattered throughout these structures, while the myelin 
sheaths of many of the fibres which still stain are obviously 
' greatly altered. . All other tracts, such as the fillet, posterior 
` longitudinal bundles, superior cerebellar peduncles, resti- 
form bodies, and so on, show no evident, departure from 
the normal. j 

What has been said with regard to the pons and medulla 
applies equally tothe spinal cord, for in this part of ihe ` 
© central nervous system the only abnormality that can be 
detected is degeneration of the crossed and direct pyramidal 
tracts. There is little difference to be made out in the. 
amount of degeneration ‘of the'two crossed pyramidal tracts, 
but one direct pyramidal tract shows a more extensive area 
of degeneration than does the other, throughout the parts o 
_ the cord in which this degeneration is to be made out. A 


,. seen in the cervical region, the appearance of the two direct 


pyramidal tracts suggests that the one presenting the more 
extensive area of degeneration is'in reality considerably 
larger than that of the opposite side; indeed, whereas the 
_ larger tract presents a convex border along the anterior ` 
i median fissure, the corresponding border of the opposite . 
tract is concave. The degenération of the crossed pyramidal 
tracts can be traced throughout the cervical, thoracic, and 
lumbar regions of the cord to the ‘sacral region, ‘whereas the 
T degeneration of the direct pyramidal tracts, as Been in sec- ` 
tions prepared by Pal's method, can only be traced: ' with 

certainty to the caudal end of the thoracic BE 


q 
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Optic Nerves. —Both optic nerves appear normal; there 
is neither any obvious degeneration of the nerve GE nor 
any increase of the interstitial tissue. n 

. [In "cases of cerebral diplegia, where the macroscopic 
condition of the hemispheres has been 'one of local or diffuse 
atrophy of convolutions, changes in the cells of the cortex, 
‘especially of the large pyramidal cells, without evidence of 
any vascular lesions or primary sclerosis, have been found 

‘by Cotard, in 1868; by Sachs, in 1892 (primary pyramidal 

neuron degeneration); by Warde, in 1895; by Mya and 

Levi (incomplete development of cells of motor zone), in 
. 1896; and by Strumpell, in 1894. 

In the rare and fatal form of familial Se, associated 

with changes at the macular lutea, first described by Waren 
. Tay; a similar degeneration of the cortical neurons has been : 
found in every case investigated microscopically, as the sole 
pathologic lesion. Sech 8. C] . ER 


Cases 8 and 4. Generalised Rigidity. 


. Isabel C., aged 2 years, and Kathleen C., aged 8 years, 
Ste were admitted into the National Hospital on June 18, 1899, 
under the care of Dr. Ormerod, with paralysis ‘all over,” ' dating 
from shortly after birth. un 

The parents were healthy, and there was no history of any 
nervous disease in their relations, nor any history of rheumatism 
or tubercular disease. No history of syphilis could be obtained 
om eitherparent on careful questioning. They had been married 
r nine years. Their first three children were born at full term, 
d are perfectly healthy. The next child, K. C., was born at ` 
ht months, and weighed only three pounds at the time of birth. 
The mother had'been ‘ weakly " during the pregnancy. The birth 
was easy. The vertex presented; there was no asphyxia. 

. The next child, I. C., was also born at the eighth month, and 
was very small. There was considerable difficulty with delivery, 
apparently owing to uterine inertia, and instruments were used ' 
"The vertex presented, and there was no asphyxia: The mother 

“was in a very weak state of health during the pregnancy. ' 
, The mother had received no injury during either pregnancy. 
After the birth of the last child two miscarriages occurred, the 
first at the third month and the second at the sixth month. 
~ There was no assignable cause for the miscarriages. 
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The elder’ child, K. C., was apparently quite healthy at the 
time of birth. When two months old it was gradually noticed 
that though the child seemed quite intelligent, it could not use its 
limbs as it should have been able. Since this time the limbs. 
have become more and more useless, and have-become stiff. She 
never learned to talk. When two years old she'had a general 
convulsion lasting half an hour, which the mother attributed to 
her-having eaten some fruit. Her GE health with this excep- 
tion had always been good. 

On admission she was & healthy- oe ‘child, with an intelli- 
gent expression. She lay in. bed with the arms flexed at the 
elbow and carried against the chest. The wrists were flexed and 
the fingers semi-flexed. The hips and knees were semi-flexed. ` 
She was not able to sit up, turn, or move in bed. 

Her mental state seemed intelligent. She took note of every- 
thing around her, ‘and smiled: ‘brightly when pleased; she under- 
stood simple speech. She occasionally cried, and when doing so 
gave vent to a series of hoarse, prolonged yells, unlike the crying 
of a healthy child. (This peculiarity was noticed in the four first 
'ca8es reported in this paper.) She uttered no articulate sounds. , 
The expression of the face was slightly fixed, and either angle of 
the mouth was dimpled in and rounded, evidently from tonio 
contraction of some of the muscles of that region. The head was 
' a little retracted, and the muscles of the neck were distinctly 
rigid. There was some slight difficulty in swallowing. ` 

The special senses, so far as they could be tested, were normal. 
The pupils were equal and reacted normally. There was slight 
divergent strabismus, but no nystagmus. The cranial nerve 
were normal. The teeth were ill-formed and carious. T 
muscles of the trunk.were weak and rigid. She had no power’ 
sit up or turn in bed. Both upper extremities were rigid at 
joints, but slight movement at all joints was possible, and 
could grasp & finger slowly. Marked-athetotic movements of th 
fingers appeared when the limbs were moved about or tickled, 
' the hands assuming the position of extreme flexion of the wrist 
and complete extension and spreading of the fingers and thumbs. 

The lower extremities were semi-flexed at hips and knee, and 
there was contracture of calf muscles, flexors of knee and hip. 
There was much adductor spasm. There was slight pes cavus 
on either side. The legs were very rigid at all joints, and only 
the feeblest and most limited voluntary movements were possible. 
Sensation seemed unimpaired. The sphincters were normal. 
"The plantar reflexes showed an extensor response on either side. 
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The abdominal reflexes were present. The DES were brisk. 
Foot clonus could not be elioited. 

The position of this patient as she lay i in hed was remarkable. 
The head and trunk were bent forward, and there was general 
kyphosis. The upper extremities were flexed across the chest, and 
the lower limbs drawn up by flexor contracture. This position 
is of frequent occurrence in cerebral diplegia, and has been de- 
scribed as the attitude occupying. the least possible room. A 
similar, attitude ocourred in case 4.' 

The younger child,.I. C., aged 2 years, was apparently 
quite healthy at birth, and seemed to progress well till about two 
months old. She was then noticed not to use the limbs properly. 
Bhe had been getting progressively worse ever since. She had 
had two severe general convulsions, the first when a year old, the 
second when two years old. . 

On admission she was a healthy- looking child. Her symp- 
toms.and signs exactly resembled those of her elder sister, except 
that she had a convergent squint, and that the rigidity and athe- 
tosis were less marked and the power of moving the limbs a little 
greater. 

There was the same expression of face with. the angles of the 
mouth dimpled in, the same aphasia, head retraction, general- 
ised rigidity, weakness ahd increase of the reflexes, extensor 
type of plantar reflex, and pes cavus, but these were less marked. 
This patient learned to say a few words when she was twelve 

months old, but afterwards she lost them, and had not uttered 

an articulate sound for nine months. 

The chief points of difference between these two cases of 
neralised rigidity, and the Cases 1 and 2, are that in the former 
here was slighter involvement of the face and a higher degree of 
telligence was preserved. Probably the cortical affection was 
cident chiefly on the central convolutions, excepting the facial 
And ocular region. -The severe affection of the prefrontal and 
" occipital lobes in the two first cases carrying with it an almost 

entire absence of intelligence was in these cases probably absent. 


D 
















.hese cases were consecutive.children of a mother who 
had suffered severely with general ill-health during both 
pregnancies. Both were born at the eighth’ month, and 
were very small. The difficulty in the delivery of the | 
second child was evidently due to deficient power on the 
part of the mother. The two subsequent pregnancies 
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deiude in’ miscarriages „a$, three and six months respec- 
tively. "Both cases ET gymptoms from birth. Tt ig 
here logical to consider the premature birth and the cerebral 
diplegia as concomitant effects of some: morbid process . 
ecting the, mother during the pregnancies, and that the 
two subsequent miscarriages were attributable to the same. 
cause. " 
Van Gehuchten has shown that the pyramidal E 
have not yet reachéd the lumbar cord at the ‘seventh month 


' of fætal life, and, followed by Marie and Brissaud, considers 


that an arrest of development of the pyramidal tract occurs 
from the premature birth, and that the pyramidal tract fails 
to reach the lambar enlargement, and so causes that form of , 


''. cerebral diplegia known as “ paraplegic rigidity,” or ‘Little’s . 


either dating from birth or subsequently acquiréed, as in 


‘tion with premature birth, the two do not stand in caus 
, relationship with one another, but are the concomit 
. effects of. a morbid process eer both mother and fetu 


ES 


disease. This explanation. of the pathology: of paraplegic 
rigidity bas: received considerable, acceptance among French 
writers on the subject, but it is based "upon no pathological 


evidence. All recorded autopsies upon cases of paraplegic 


rigidity in children born prematurely haye' shown, a very 


‘different pathological, condition. 










Case 5, and cases of generalised rigidity associated with 
premature birth, of which Cases 3 and 4 are examples, ` 
stand out in strong opposition to van Gebuchten’s theory. 

I submit that when cerebral diplegia occurs in associa 


` ae 5. EU Rigidity. Re 


. B. G., aged 6 years, was admitted . into the National Hog: 
pital in March, 1899, under the care of Dr. Tooth. ` The father 


I absolutely denied syphilis. The mother had had twelve children, ' 


of which the first eight were still-born at about the seventh month. 
The ninth child was this patient; the tenth died when a week old, 


. the eleventh died of convulsions, aged two and a half years, and 


the last child was alive, but weakly,'aged one year, She was a ` 
full term ‘child, and the birth was natural. She had snuffes zt 


` "3 i , D Pos. 
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, Severely in infancy, and had measles when eighteen months 'old. 

- Her -health- then remained good till four years of age, when she 

gradually became weak on her légs. In October, 1897, she had 

. several attacks of left- sided convulsions, and the legs became’ 

.gradually much weaker and became stiff. From this time.she 

` " gradually became imbecile and passionate. She became unable 

to walk alone nine months after the legs were first affected. The ' 
left-sided fits continued at long intervals. 

On admission she was semi-idiotic. The special senses, 
cranial nerves, and upper extremities were normal. The lower 
extremities were weak and rigid, with much adductor spasm, 
-contracture of the ham strings and calf muscles, and double pes 

" cavus. When supported she walked with a typical cross-legged 
gait. Knee-jerks brisk. Double foot clonus. The plantar reflex 
. showed an extensor response on either side. ` 
This patient showed no signs of congenital syphilis, yet from 
the history the presence of this factor is extremely probable. The 
common association of premature birth Was absent in this case,, 
yet the mother’s first eight children were prematurely born. This 
history points most strongly to the diplegia and the premature: 
births being the concomitant effects of some influenee dominating 
both the development of the fœtus and the organism of the 
mother—perhaps, in this case, congenital syphilis. The con- 
genital origin of this case is almost beyond doubt, notwithstand- 
ing that the patient. enjoyed four years of apparent good health. 











5 ise 6. Generalised Rigidity after long-standing Epilepsy. 


.O. F., aged 18 years, was admitted into the National 
ospital op July 7, 1897, suffering with fits and paralysis all 
wer. There was a. family history of asthma and rheumatism. 
e was brought up on the bottle, and in infancy had rickets and 
infantile convulsions and lasting nocturnal enuresis. When eight. . 
years old he fell a distance of twenty feet on to his head. A year ` 
later frequent attacks of petit mal occurred, and after another year 
thése attacks gradually increased in severity until the fits reached 
thé stage of severe general convulsions. He was an in- -patient in 
the National Hospital on two occasions, in 1898 and again in 
1895, on which occasion he was in the “ status epilepticus ” for 
several days. He ‘had at this timé no signs of organic disease. 
After his discharge in 1896 he slowly became stiff in all four 

limbs, and became unable to walk, and his mental state became 
' dull. When admitted in 1897 he presented as a typical case of 


‘ H 


+ 
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generalised rigidity. Mental state, semi-idiotic ; mask-like face ; 


` optic atrophy ; no strabismus nor nystagmus. All the limbs were 
. very rigid, but there was no great loss of power, Double foot 


clonus. Knee, wrist, and elbow-jerks very much increased. The 
fits were very slight, general convulsive attacks lasting about half 
a minute. 


Freud has suggested that the same morbid process to l 


which cerebral diplegia is attributable may, when present in 
slight degree, be the cause of idiopathic epilepsy. In this 


, cage: ib is presumable that the functional changes in the 


cortical cells, expressing themselves in periodic epileptiform 


- discharges, in the course of time were followed by structural 


- degenerative changes, producing the clinical picture of 


cerebral generalised rigidity. 

Since epilepsy is held to be & disease of the cortical neu- 
rons, it may be justly inferred that the pathological process 
giving rise to the generalised rigidity was the same in this 


. case a8 was found by Dr. Russell in Cases 1 and 2, Ze, slow . 


degeneration of the cortical neurons. 


4 


Case T. Generalised. Rigidity occurring in an Adult. 
A. B., aged 28 years, was admitted into the National Hospital, 


. under the care of Dr. Tooth, on March 17, 1899, complaining of 


T 


stiffness ‘all over," slowness in the execution of all movements, 
and “ trembling of the eyes." The symptoms had come on grad- 
ually and progressively during the last three years. 

He was an only child. There was no history of nervo 
disease in his family, who were very héalthy people. There w 
nothing in the history to suggest that he had been the subject 
hereditary syphilis. 

Up to the commencement of this illness he had never ailed for 
& day, with the exception of measles in childhood and a slight 
attack of influenza in 1892. He denied syphilis, and also expo- 
sure, and his habits were abstemious as regards alcohol. He had. 
been employed as & gardener, and had worked a good deal under 
glass. He had had no injury of any sort. 

The history of the illness was as follows :— 

In March, 1896, he noticed pain and numbness in the legs, 
which felt weak when he walked upstairs. He also noticed af 


‘this time that when his hands remained still for some time, as, for 
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instance, on waking in the morning or after walking with his 
hands in his pockets, that they became stiff and numb--a condi- 
tion which passed off in & few minutes if he moved them vigor- 
ously. ` He.did. not notice anything wrong with the hands when , 
he was at work. Two months later he noticed 8tiffness of the 
face; and his friends told him-that his eyes trembled (spontaneous 
nystagmus). For the next eighteen months the stiffness spread 
slowly all over the body, and his limbs became weaker. At the- 
end of this time he became much worse in the course of a few 
weeks, and he became unable to loose his hold upon objects when 
he had grasped them. The face, neck; trunk, and the four 
extremities were at this time very rigid, and the rigidity was not 
lessened by active or passive movements. All movements became 
slow, and ‘he had. to give up work. The left limbs were more 
severely affected than the right, and he dragged the left foot in’ 
walking. ` He felt his face stiff in laughing, and had difficulty i in 
swallowing. For the last year his condition has been i improving 
` very slightly. 

His general health throughout the illness had. been good. He 
‘complained at times of severe pain in the left shoulder and hips ; 
referable to the condition of left hemiparesis. He had had no 
pyrexia, and no fit of any sort, nor had he had any other symp- ` 
tom referable to any toxic agent., 
`" On admission he was æ sparsely sibusished, sallow-com- 
plexioned man, His appearance was remarkable. He had a 
dull mask-like unvarying expression, resembling that of Parkin- 
son’s ‘disease, with a marked convergent strabismus and incessant 
spontaneous lateral and rotatory nystagmus. As he stood, all 
the: visible muscles: of the body showed fibrillary twitchings. 
The head was carried stiffly and bent forward on to the chest. 
He could get about with some difficulty, and could feed himself 
SR but he could not dress himself. He felt perfectly well in . 
himself. 

.He was a, very intelligent nfün, and his memory was good. 
His speech was monotonous, and he moved his jaw and his lips, 
very little when he spoke. He said that since his illness his 
voice had quite altered. The special senses and optic discs were 
‘normal. The pupils were equal and reacted normally. There 
"was an old convergent strabismus, the left eye being at fault,. 
dating from measles in infancy. 

With the exception of the nystagmus and the stiffness ud 
slowness of movement of the face and jaws, the cranial nerves 

* were normal. . 
VOL. XXII. j 5. 0826 
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The ‘neck was very rigid, and, the sternomastoids stood out 
in strong spasm, causing the neck to éppedr much broader than 


natural. Movements of the head upon the trunk were stiff and ` 


slow. 
All the musoles of the Bak were hard and bos: like to the 


~ touch, and movements were stiff and slow. He could not get | 


up out of a low chair without assistance. Respiratory move- 
ments seemed somewhat confined in range, but were otherwise 
normal. 

' ‘The muscles of the upper extremities were, small and hard, 
but there was no localised wasting. There was great rigidity at 
all joints. The terminal phalanges of the fingérs were sharply 


. flexed on the second phalanges, and ‘semi-flexed at the other 


joints. The left arm was carried pressed into the side with the 
elbow flexed. to a right angle (the position common in hemiplegia). 
All movements were performed stiffly and slowly, but with con- 


_ siderable power; but, when he grasped an object he was unable ` 


to relax his grasp for some considerable time and after much 


evidence of effort. Having flexed either elbow forcibly, he was’. 


entirely unable to extend it for some seconds, and having 
extended was unable to flex for. a similar period. 

He complained of. considerable pain on passive movement in 
the left shoulder. , 

Both lower extremities were. stiff at all joints, and movement 


.was slow, but all movements could be performed with some 


. \power. There was the same difficulty with the relaxation after 


effort as was seen on the upper limbs. The left leg was through- 


out weaker and stiffer than, the right. "He walked stiffly with’ 


small steps, and dragged the left foot. There was no prepon- 
derating flexor or adductor spasm. i 

The electrical reactions of the muscles of limbs, trunk, and 
face were normal. 

Sensation was unimpaired. „The lightest touches and pricks 
were everywhere felé and localised accurately. The temperature 


. sense was normal. ‘The senso of position was acute. ~The 


sphincters were not affected. “He perspired profusely, especially 


~ on the limbs. The knee-jerke were very brisk. Foot clonus 


could not be obtained, probably owing to the rigidity. Tho 
phantar reflex showed,a marked ‘extensor E on either 
. side. 

The cranium and spine werd normal, and” the thoracic -and 
abdominal viscera ‘presented no peculiarities. He was treated 
with hot alkaline baths, massage, passive’ movements, and 


à t 
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Kepler’s extract, and the slowness of movement improved 


slightly during his. stay of four‘ months: in the hospital. 


This case presents all the typical signs of cerebral egener. 
alised rigidity, with the exception of intellectual impairment. 
Very few cases of cerebral diplegia occurring in adult life 


"have been recorded. The clinical resemblance between the 


case and the preceding cases of generalised rigidity is very 
striking, and the disparity in sevérity of the symptoms and 
as regards intellectual impairment becomes less if it be taken 
into consideration that the incidence of the disease in the 
children was upon a functionally non-developed’ nervous: 


_ system, and in this case upon a nervous system at the height. 


of its functional activity. The spontaneous nystagmus, mask- 
like expression, altered voice and dysphagia were indicative 


` of loss of the action’ of cortical centres upon the nuclei of 


the cranial nerves, and are spastic signs in the region of the 


, cranial nerves comparable with, and of like significance to, 


rigidity and increase of the deep reflexes in the limbs. 

T'he case bears a certain resemblance to one of paralysis 
agitans in the expression, alteration of voice, rigidity of the 
trunk, and slowness of movement. 

The latter disease is, in all probability, a cerebral diplegia 
of a special type. 

I.submit that this case was one of slow degeneration i 
the cortical neurons of the central convolutions. 

. Weill has recently published a remarkable case of dicia 
po rigidity, in which rhythmic tremor of the hands 
and foreatms; exactly resembling those of Parkinson's 
disease, appeared. A healthy girl, aged 104 years, was 
seized with violent cephalagia,«followed a fortnight later by 
complete paralysis of all the limbs. A month later she 
began to improve, and her resulting state was as follows :— 
Intelligence perfect. Mask-like face. Parkinson’s attitude. 


, Generalised rigidity. _ Rhythmic tremor of forearms and . 


hands.  Right-sided hemiparesis. ` Debt talipes equino- 
varus. Athetotic movements of feet. rer sensation 
of heat in the limbs. 

. Weill states that cases ET dorreei cerebral 
apes and Parkinson’s, disease occur. 
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Part IL— An Account OF CEREBRAL DIPLEGIA. 


"n The dina dictate of cerebral diplegia was first recorded 
by Anáry i in 1741. Delpech, in 1828, described à case, but , ' 
_ It was not until 1853 that general attention was called to 


.this clinical group by Little, to whose accurate clinical 
descriptions of both the generalised and paraplegic forms 
there has remained little to be added. He associated choreic 
types and bilateral athetosis with diplegia. He drew atten- 
tion to the close connection of these cases with premature 


' and difficult birth and with asphyxia neonatorum. The 


name “Little's disease," was suggested by Rupprecht in 
1888, and has since been’ generally used for’ all forms of 
infantile cerebral diplegia. Recently an attempt has been 
made by van Gehuchten and Brissaud to confine the name, 
“ Little’s disease," to paraplegic forms of diplegia, on the 
ground that this syndrome, first described by Little, is a 
separate entity from other forms of diplegia, and that it has 


a special ætiology and clinical aspect. Heine, in 1860, ` 


described cases under the name of cerebral spastic para- 
plegia. Erb, in 1877, considered the paraplegic forms tô 
` be of spinal origin, using the term, “tabes, dorsale spas- 


modique.” Ross pointed out the'cerebral origin of purely ` 


paraplegic forms in 1885. e 

. In 1884 Strumpell aroused great interest in the patho- 
Jody of the disease by his description of acute polio-encephal- 
itis. Though Strumpell's acute encephalitis has fallen tc 
the ground as the initial lesion in cerebral diplegia, the 
, attention and controversy aroused by his work have been 
of great importance in furthering our knowledge of the 
‘morbid anatomy of the disease. The pathological condition 
he described in his cases has been found connected with a 


MN special symptomatology, and the disease, acute non-suppura- ` 


tive encephalitis, has been placed upon a firm basis. 
à In 1882 a valuable contribution to the pathology of the 


, disease was made by Kundrat in his work on porencephaly. -: 


The literature of the subject during recent years hae been 
-very extensive. The most important summaries are mono- 


graphs by Andry on porencephaly, in 1888, and on choreic , 
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forms, in 1892 ; by eninge in 1893; by Rosenthal (with 
_ bibliography), i in 1893; ‘an exhaustive treatise upon infantile 
" cerebral paralysis, with a complete bibliography by Freud, 
‘in, 1897, and the article by Sachs in his “ Treatise on the 
NINOS Diseases of Children," 1895. 

. Recent contributions tó.the, pathology of the disease 
- have been made by.B. Sachs, Hirsch, oe and Russell, 

van Gehuchten, and Massalongo. 


The Clinical Types of OM Diplegia. 


Infantile diplegia is separated both stiologically and 
clinically from infantile hemiplegia, though in rare cases the 
two conditions may co-exist. Altiologically, the diplegias 
are forthe most part congenitally determined diseases, the 
hemiplegias for the most part acquired diseases. In diplegia’ ` 
rigidity or, perverse movement prepónderates over paralysis, ` 
and dominates the clinical picture, while, in hemiplegia, 
paralysis dominates the clinical picture, and the rigidity is 
secondary to the paralysis. The preponderance of the affec- 
tion of the arm, which is the rule in infantile hemiplegia, is 
scarcely ever present in diplegia. In accordance with these 
facts, the sharp distinction between cerebral diplegia in its 
generalised form and bilateral spastic hemiplegia, which is 
laid down by French and German, authors, is justifiable and 
clinically useful. While it is impossible to distinguish clinic- 
‘ally between the most severe forms of generalised rigidity 
and bilateral spastic hemiplegia, where the paralysis i is com- 
plete, in the majority of. cases the distinction is quite easy. 
For the purpose of this distinction it is perhaps useful to 
retain bilateral spastic hemiplegia in a classification of the 
clinical types of cerebral diplegia. A clinical classification 
of'the forms of cerebral diplegia is the only one of any value. 
The disease, forms at present,a clinical and not a pathological : 
entity, and its type is determined by other than the hitherto 
discovered morbid anatomical factors. It has been up to the 
. present time impossible to determine from the post-mortem 
appearances whether the clinical aspect of a given case had 
been one of generalised rigidity, or paraplegic rigidity, or 
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bilateral athetosis, or of choreic diplegia. A classification 
based upon morbid anatomy is, therefore, impossible. On 
account of the obscurity of the etiology and the diverse 
: opinions held by authorities concerning the origin of the 
disease, a classification on stiological grounds is at present 
, impossible. 

The classification here adopted follows that of Rosenthal : 

(1) Generalised rigidity. 

(2) Paraplegic rigidity. 

(8) Bilateral spastic hemiplegia. 

(4) Bilateral athetosis. 

(5) Choreiform diplegia (congenital chorea).’ 

(6) Atypical forms (slight generalised rigidity with pro- 
found mental changes). d 

With the exception of bilateral spastic hemiplegia every 
form of transition between the other five types 18 met with, 
and many varieties of combinations of these types. 

The following table shows the relative frequency of the 
clinical types as observed by Rosenthal, Sachs, and Petersen, 
and in the cases I have seen in the wards of the National 
Hospital :— 

















Sachsand {Oases in National 
Rosenthal | “Petorsen. | Hospital, 1808-0, ' 
63 cases, | 69 cases. 23 cases. 
qtue ee T 

Generalised Rigidity — .. vs i En 89 9 
Paraplegic Rigi SCH T ei 18. 80 4 
Bilateral Spastio emiplogia és zs 8 D 1 
Bilateral Athetoss "m es 8 8 
Chorelform Diplegi& — .. ss ED 8 8 
Atypical Mental forms .. of a 4 8 








Clinical Aitiological Factors. 


Of the recorded cases of cerebral diplegia .66 per cent. 
show some definite clinical antecedent apparently in causal 


! Rosenthal uses the term vu choróe generalise” for this type which has 
hitherto been called ‘congenital chorea” by English writers; As these 
terms do not suggest the intimate connection of this condition with the other 
types of diplegia, and as both are somewhai inaccurate since the so-called 

oreio movements are, as a rule, not generalised, and the cases not always 
congenital, I venture to submit the term choreiform diplegia for this type as 
being & convenient one. 
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relation with the disease, while in 83 per cent. this 1s entirely 
wanting. 

The attributed stiological factors are here summarised :— 

(1) Maternal pathological states during pregnancy: 
general ill-health, syphilis, specific fevers, eclampsia, patho- 
logical psychic states, and injury to the abdomen. 

(2) Abnormalities of birth: premature birth, birth in- 
juries, prolonged labour, precipitate labour, asphyxia neo- 
natorum. ' 

(8) Heredity, and consanguinity of parents. 

(4) Post natal pathological conditions: Acute infectious 
diseases and acute fevers, vascular lesions, epilepsy, acute 
encephalitis. 

Tt is essential to bear in mind in the consideration of 
these attributed causes that more than one of these factors 
may be present in a given case, and that it is probable that 
many of the abnormalities of birth stand not in causal rela- 
tion with the disease, but as concomitant effects of a morbid 
maternal state. It is certain also that some of the post- 
natal factors are immediate precipitating factors, bringing 
into evidence a congenitally installed disease. 


Maternal Pathological Conditions. 


A history of ill-health of the mother during pregnancy is 
common in cases of diplegia. The mother often volunteers 
the statement that while she was perfectly well and strong 
during her other pregnancies, her health failed completely 
during the carriage of the child afflicted with diplegia. Over- 
work and privation sometimes account for this failure of 
health. Several recorded cases give this history that a 
woman after bearing healthy children suffers with symptoms 
which may be described as those of chronic neurasthenia. 
She then gives birth to a child afflicted with diplegia, and 
her subsequent pregnancies end in still-births. (Vide cases 
3 and 4.) This seems to show a gradual failure in the 
physiological process of generation. In support of this sug- 
. gestion it has been pointed out by most authors who have 
written on the subject that the youngest members of large 
families are especially prone to suffer. 
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In some cases à a pathological ‘psychic state of ‘the mother 
during the time of pregnancy has been noted. Acute diseases 
and acute specific fevers occurring during pregnancy are of 
. great importance as etiological factors in this disease. T 
have twice obtained a history of eclampsia, not followed by 
premature birth in cases of paraplegic rigidity, and in one of 
these cases the eclampsia followed an attack of scarlet fever. 

Syphilis is a most important and by far the most common ` 
maternal disease standing as & causal antecedent to cerebral 
diplegia. Many cases have been' recorded by Gasne, Gaudard, 
Gee, Moncorvo, De Amicis, Jendrassik, Marie, Haushalter, 
Fournier, and others. Brissaud considers syphilis only a 

‘factor ih that it causes premature birth; and he considers 
' diplegia to be the result: of premature birth. With more 
justice Gasne argues that premature birth should be ignored 
as & factor, and he considers that syphilis or some other 
toxic process is responsible for-the production of diplegia ' 
"and of premature birth in cases where these are associated. 
. The percentage, however, of cases of diplegia in which a 
history of' parental syphilis is Obtained is small. Freud con- 
,Biders that this small percentage is due to the fact that so 
many children infected: with syphilis are still-born. 

In connection with the pathology of meningeal hemor-. 
rhage attention will be drawn again to syphilis ag a cause of 
diplegia. ; 

Tubercular disease of a severe nature was Ne during 
pregnancy in cases reported by Levi-Sirigue and Haushalter. , 

Injury.to the fostal head in utero must be here mentioned 
as a possible factor. Such i injury has been proved in some 
cases of infantile hemiplegia. Gibb, quoted by MacNutt, — 

. reports a case of intra-uterine hemiplegic atrophy, with ` 
contracture, in a stillborn child. A meningeal hemor- 
rhage was found accounting for the condition. As a factor 
of meningeal hemorrhage trauma to the foetal head in utero 
. may be a cause of diplegia. ; 

It has been repeatedly observed that where one child of & 
family is afflicted with diplegia, the mortality among, the 
other children is remarkable, and premature birth i is com- 

mon. SE Graef, and uen 
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Abnormalities of Birth. 


Premature birth occurs very frequently in association 
with all forms of diplegia, and most often in connection 
with paraplegic rigidity, and it has been considered a factor 
in the production of the disease by many writers. Van 
Gehuchten, Marie, and Brissaud consider that an arrest 
of development of the pyramidal tracts in the spinal cord 
occurs as a result of the premature birth and that this is 
due to post-natal claims upon nutritive functions, rigidity 
ensuing from the unrestrained action of spinal centres. 
Since the pyramidal tract has only reached the medulla at 
the seventh month of foetal life, according to these authorities 
premature birth at that time will cause generalised rigidity. 
At the eighth month the pyramidal tract has reached the 
dorsal region, therefore premature birth at that time pro- 
duces paraplegic rigidity. After birth some slow renewal of 
the arrested growth of the pyramidal system occurs; there- 
fore these cases tend to improve. Van Gehuchten’s theory 
does not accord well with pathological and clinical facts, and 
the very arguments he uses to advance this theory, which is 
based on no pathological evidence, prove fatal to it. Diplegia 
occurs only in an immense minority of prematurely born 
children ; it is frequently unassociated with premature birth, 
and frequently is of post-natal onset. There is proof that 
tracts in the central nervous system develop normally after 
birth,, for instance, the cerebral association systems. The 
pyramidal system is not completely myelinated at full term. 
The recorded autopsies upon cases of paraplegic rigidity, 
for example, those of Förster and Sachs, have revealed gross 
cerebral lesions. That cases of paraplegic rigidity tend as 
a rule to improve is certainly not the experience of most 
observers. The arguments against this theory may be 
multiplied almost indefinitely if the history and clinical facts 
of cases of paraplegic rigidity be considered from the stand- 
point of van Gehuchten’s theory of the pathology of the 
disease. à 

The balance of the evidence on record is in favour of the 
opinion held by Gasne, Marfan, and Freud—that premature 
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birth EN not stand i in TET relation: ‘with diplegia, but is a, 


“concomitant. effect of ‘the morbid os in. which diplegia. ` 


has its origin. : 

‘Birth injuries Mags. been SES in a very proininent 
positión among the clinical antecedents of cerebral diplegia 
ever since Little drew attention to the, association, and the 


' clinical type—generalised rigidity—has been made depen- ' 


dant upon birth injuries. This view was strongly upheld by .. ` 


' Gowers, and has been followed by Marfan: and Raymond, 


and recently by Taylor. 

‘The association of e birth, Set birth, 
instrumental birth, and asphyxia neonatorum -with diplegia, 
especially with the type. generalised rigidity, is very common. ' 


'. "This association was present in 72 per cent. of. oe 8. 


cases. 
"Kundrat believes that precipitate labour is Sr potent 
to produce diplegia as is prolonged labour and. asphyxia 


. neonatorum, and Tyler Smith considered that the absence 


of gradual adaptation of the fwtal head to the pressure 


' exercised upon it by the parturient canal and the rapid 
_alterations' of that pressure during parturition gave rise to 


‘meningeal hemorrhage. Difficult and prolonged birth are 
considered to produce meningeal hemorrhages by causing 
undue lapping over of the parietal bones along the sagittal 
suture and rupture, of the veins emptying into the superior 
longitudinal sinus (Virchow and Weber). This lapping 


, ` takes place to a greater extent when the head is after 


coming, and therefore diplegia is more frequently. associated. 
with breech presentations than vertex presentations. The 
meningeal hemorrhage from this cause will be bilateral, and 


' will affect the paracentral lobule first and most; this 


_ explains the preponderating affection of the legs in many 


cases, and the bilateral symmetry of the disease. The 


gradual tailing off of the meningeal hemorrhage across the .: 
. central convolutions towards the Sylvian fossa is responsible 


for slighter affection of the upper limbs, and still more slight 
affection of the face. The larger size of the footal head in 


`- male children and consequent greater compression in labour ` 
" has been brought forward by James Taylor as an explana- - 
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tion of the preponderance of males in his statistics_of cases 

'ofdiplegia. ~ : 

Asphyzia neonatorum, is’ considered to be an important 
agent im producing meningeal hemorrhage, and from that 
cerebral diplegia. Little has pointed out that most infants 
presenting asphyxia, at birth are not affected. Direct injury 
to the brain or meninges from the pressure of the forceps. 
has not been shown in any recorded case of diplegia. 

There are very great difüculties standing in the way of 
the general acceptance of birth injuries and meningeal 
hemorrhage as causal factors'in the production of diplegia, 

, notwithstanding their frequent association. The import-. 
ance of .these conditions as factors has probably been 
greatly over-estimated. The pathological objections are 
serious and will be detailed in that part of this communica- 
tion dealing with the pathology of diplegia. 

Clinically this explanation of the stiology is insufficient. 
It does not account for cases associated with birth difficulties 
where the symptoms ‘of diplegia do not appear till some 
months after birth, nor for the so-called acquired cases. In 
28 per cent. of Rosenthal’s cases there was no abnormality 
of birth or asphyxia. Of three cases of diplegia of the 
same clinical type occurring among the: children of one: 

- mother one case was associated with difficult labour and 
' asphyxia neonatorum, and would have: served the sup- ` 
` porters of this view as a typical case of meningeal hæmor- 
rhage producing diplegia. The other cases, however, showed 
no abnormality of birth. In one the symptoms appeared at’ 
birth and in the other at seven months of age (eer. 

A somewhat similar history occurred in my cases 3 and 
4. The bearing of such cases upon the acceptance of this 
explanation is obvious. 

Ganghofner and Freud are the, chief opponents to the 
origin of ‘cerebral diplegia in: meningeal hemorrhage, and 
the latter points out that severe injuries to the footal head 
are. often without effect in producing diplegia, and that 
' cases are probably congenital in: spite of Little's factor.’ He. 
says: “ Difficult birth ahd asphyxia neonatorum are them- 

selves only symptoms of deeper lying influences which have 
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' dominated the development of the fostus or the organism ` 
of the mother." , 
Consanguinity of the parents has, been TT in cases 
of cerebral diplegia by Brissaud, Haushalter and Dejerine. 
Oppenheim reports a case where a mother and her 
daughter were similarly affected with cerebral diplegia. 


| Post-natal Aitiological Conditions. 


e, the consideration of cases of cerebral diplegia arising 
, after birth, stress must be laid upon the fact that the post- 
natal appearance of symptoms of disease is no proof that the 
disease was not congenitally determined. The possibility 
of an acute disease immediately preceding the onset of). 
symptoms being in some c&ses only an immediate exciting 
cause bringing into evidence a latent pathological condition, 

must also be borne ii mind. 

Most cases of post-natal cerebral diplegia do not follow 
any known acute disease. Cases have been reported in 
which the onset of symptoms directly followed the occur- 
rence of. the following, acute diseases :—gastro-enteritis 
(Marfan, Massalongo, Rissler), : scarlet fever, . measles, 
. mumps, pneumonia; acute ‘rheumatism, typhoid (Massa- 

longo), diphtheria (Massalongo), and influenza (Massalongo). 
` The onset of cerebral diplegia with acute ‘febrile. 
symptoms was attributed by Strumpell to acute polio- 
encephalitis. This assumption has not been confirmed by 


^, subsequent investigations. More recently Massalongo has ' 


brought forward acute toxic meningo-encephalitis as & cause 
of these symptoms. , 

"Symptoms pointing to vascular lesions, thrombosis and 
embolism and hemorrhage may occasionally precede the 
syndrome of diplegia. Undoubted cases of multiple embo- 
lisms have been recorded by Heubner and Abercrombie, and 
of thrombosis by Abercrombie and Angel Money. Gowers 
thinks that sinus thrombosis and thrombosis of the sur- 
face veins account for some of the Cases, but this has 
only been demonstrated pathologically in one case of 
Abercrombie’s. In Ashby’s case the condition found after 
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death (multiple cysts), was considered to be the result of 
‘multiple hemorrhages. Sachs and Petersen’ consider. that 
intra-cerebral hemorrhage i ig an important éause of acquired’ 
diplegia, — .' ` 

Epilepsy of long sri may be followed _ by, cerebral 
. diplegia as in Case No. 6 here reported. 
_ Hydrocephalus occurs sometimes in association with. 
cerebral diplegia, especially with paraplegic rigidity. The 
paraplegia is here referable to some localised pathological 
' condition: of the cortex which is not dependent upon the 
condition of ventricular distension. The latter frequently 
, exists without any such symptoms. 


Summary: l 


One-third of the recorded 'cases of cerebral diplegia are 
without known clinical antecedents. 

Maternal morbid ‘states are probably by far the most 
important clinical antecedents, and such states have pro- 
: bably’ existed in many of the cases to which no definite 
cause can. be assigned. . 

Premature birth has probably no canad relation with 
. diplegia. 

The causal relation of birth injuries and asphyxia 
neonatorum to this condition has been much over-ésti- 
mated, and the absolute proof of it is as yet wanting, 
notwithstanding the frequency of the clinical association. — 

‘Some cases certainly follow cerebral vascular lesions. 

Acute diseases sometimes precede the onset of symp- ` 
toms, but whether in all cases as the initial factor in 
disease, or in some cases ‘only’ as an immediate exciting 
cause, has not been determined. ` ` 


Clinical Aspect. 


Tà the majority of cases of generalised rigidity and in 
athetotic and choreic diplegia, the symptoms date from birth. 


' Often in. slighter cases the symptoms are only manifested : ' 


when the child begins to crawl about or to walk. The atten- ` 
tion of the parents may be drawn to the fact that something 
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is wrong with the child by its being backward in talking iud 

" mentally unlike-other children, and examination may then 
reveal slight generalisod or paraplegic rigidity. "The nurse, in ` 
' ‘washing the child, is'often the first to notice the unnatural 
' stiffness of the limbs. In congenital athetotic and choreic 
-forms, the symptoms become much more evident when the | 
' child begins to get about. In cases where the symptoms are ` 
noticed first some time after birth, a careful attention to the 


` history of the case will generally reveal some abnormality : 


' vof the: child, indicating that the case was congenital, and 
separating it from cases of post-natal origin. Such symp- e 
toms, as difficulty of swallowing, sirübismus, nystagmus, ` 
-slight perverse movements (choreic and athetotic), slight 
` rigidity, the regular assumption of an unnatural attitude, 
and. pes cavus, are’ likely to be noticed-by those who tend 
. the infant, and are of great value in that they may be the 

earliest signs of disease to attract attention.- ~ 

In post-natal cases the disease ig often ushered in by a. 
group of symptoms resembling the prodromal symptoms of ' 


' - acute anterior poliomyelitis, namely, malaise, anorexia, head- 


~ . ache, slight fever, and sometimes vomiting. These symp- 
" toms last from one to four days, after which the ‘symptoms ` 
of diplegia gradually make their appearance. The onset of the 
“disease is frequently with convulsions, either a single attack of — 
convulsion or repeated attacks. In 97 per cent. of the cases. 
` collected by Freud, and in 50 per cent. of those of Rosenthal; 
the onset of the disease was marked by convulsions. After 
such convulsions the symptonis of diplegia may come on’ 
slowly, or may develop from a condition of general paresis 
_of the limbs and trunk, which immediately follows the con- ' 
'" vulsive attack. Sometimes both convulsions and febrile: ` 
, symptoms, lasting a few days, occur at the commencement 
of the disease, and this has been more often noticed in cases : 
. of post-naíal paraplegic rigidity. In other cases the onset is . 
gradual, and is not accompanied either by convulsions or ` 
febrile symptoms, and it may be many weeks before the 
symptoms reach moderate intensity. Such chrohic onsets 
-sometimes date from some-trauma to the head, often of. a 
‘trifling nature. A slow onset without definite initial symp- 
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toma 3 is the rule in the fow reported cases commencing after 
childhood. 

. The course of the disease, speaking genet of all gien, 
may be either regularly progressive, or the! symptoms, having 
‘reached certain degree ‘of intensity, may either remain 
stationary .or.tend to some slight amelioration. In severe: 
cases of generalised rigidity, and in most athetotic forms; a 
progressive course is the rule, and very few patients so 
afflicted reach adult life. In the. familial variety of gene- 
ralised rigidity described by Waren Tay, Sachs, Kingdon, 
and Russell, the disease is always rapidly progressive to a 
fatal termination. 

- A tendency to TEN is Sometimes seen in cases of 

slight generalised rigidity and in cases of paraplegic rigidity, 
` but in'even the slightest cases the amount of improvement 
is‘not great, and the symptoms never entirely disappear. - ] 

Between the several types of cerebral diplegia there exists - 
every variety of transitional form and combination. ` 

, The clinical picture of cerebral diplegia, i in all its forms, 
l presents a combination in varying degrees of certain charac- 
teristic symptoms; always bilaterally represented, though 
` often more severe upon one side of the body than the other. 
These symptoms are :—Muscular rigidity, paresis, perverse 
‘movements, contractures, and increased deep reflexes. 
, , To these symptoms, notwithstanding the opinions of | 
van Gehuchten, Marie, and Brissaud, should be added 
mental deficiency, evidence of which, I think, can be 
obtained in almost all cases. In their attempt to separate 
off: congenital paraplegic rigidity as a distinct clinical and 
‘pathological, entity, and to confine to. that entity the term 
“ Littles disease," these authorities lay stress upon the 
absence of mental symptoms in paraplegic rigidity. Slight 
cases of paraplegic rigidity on reaching puberty always show 
. the poorest intellectual capacity, and from this level of 
mental deficiency there is every gradation downwards to 
complete idiocy to be found among such cases. , 

The appearance of those suffering with this disease has 
been described by Shakespear in Richard IM., Acti., Scene 1, 
and by Sir Walter Scott in “ The Pirate” (Nick Strumpfer 
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the dwarf), and Raphael has painted the picture of the ` 
` disease in his “ Transfiguration " (Lannois, Ross, Freud). 


Generalised Rigidity. ` 
(Gr. Allgemeine cerebrale starre; Fr. Rigidité generalisée.) 


"` An its name implies the chief characteristic of thig type 4 


of diplegia is a condition of muscular rigidity associated 


with weakness, affecting to a greater or less extent all the ' . 


muscles of the body. Except in the most severe cases 


‘where the weakness amounts to complete paralysis there 


is more rigidity than weakness. In some cases it is 


astonishing that there should be so much power in the 
presence of such a degree of rigidity: The distribution 


of the rigidity and. weakness is generally that the lower 


"extremities Are most affected, the upper to .a less, degree 


“and the facial region still Jess. In a few cases (Rosenthal 


and Freud) the arms have been more affected than the legs. 


, Paroxysmal exacérbations of the rigidity have been noticed 


‘by Money and Ganghofner. Movement is slow and clumsy, 


and often athetotic and choreic movements are present in the 
limbs. If the patient i is able to walk, the gait is digitigrade 


from contracture of the calf muscles. The knees are slightly ` 


flexed from contracture of the hamstrings. The thighs are 


legged” progression. 

The assumption of the sitting: position is “impossible in 
marked cases. When such a patient is placed in A chair 
the legs stand out stiffly, and the child will not fit tfe chair, 


‘owing to the rigidity preventing the necessary flexion at the 


junction of the lower extremities with the trunk; he tends 
therefore to slide off In the most severe cases the patient 
lies in a log-like fashion, unable to move or turn in bed, and 


` then the rigidity may reach such a degree that he may be 


lifted by the heels in one rigid piece, the weight of the body 
being supported on the back of the head. In this stage, 


‘rotated inwards and the knees pressed close together, rubbing - 
‘against one another with each projection of the limb. More , . 
: gevere adductor spasm gives rise commonly to the “ cross 
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. ‘owing to muscular contractures, certain characteristic atti- . 
tudes are assumed which will be described later on. 

After this brief, general ee it remains to discuss 
` the p in detail.' , 


eo, | Mental Speo: 


Every degree of mental impairment is met with in these 
~ eases, from slight mental dulness to complete amentia. As 
a rule the average degree of mental impairment is more 
profound than in the other types of diplegia. It, however, 
` does not always correspond to the severity of the rigidity and 
paralysis. The most profound mental deficiency may exist 
in cases where the rigidity and paralysis are quite slight 
] and vice versa. This corresponds with the greater or less 
affection of the prei-frontal lobes. The amount of mental 
impairment must not be estimated from the facial expression, 
as’ conditions of facial over-action and rigidity, perverse 
mimetic or athetoid movements of the face may lead to an 


n opinion that there is much greater mental impairment than [ 


exists in reality.’ The mental state is, as a rule, placid. 
Some of the slighter cases are irritable, mischievous ‘and 
passionate. ` mE T" 


Speech Defects. + 


In congenital ‘cases, and in cases occurring before the 
eighteenth month, speech may never be acquired, or may be 
much delayed, and when acquired is often imperfect. A 
patient of Dr. Bastian’s, recently in the National Hospital, 
began to utter articulate ‘sounds for the first time at nine 
years of age. Articulation is imperfect, slowness of speech 
, With great facial over-action, slurring and stammering often 
occurs. According to Ganghofner, 59 per cent. of cases of 
diplegia (all types) show marked speech defects. When the 
disease arises after speech is learnt it is generally completely 
. lost if the child be younger than six years of age, and if the 
case be at all severe. The loss of speech’ may be quite 
gradual, and where some intelligence | persists the under- 
standing of words may remain in patients who can utter no 
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. articulate sound. This was certaibly ascertained in two S gd 


the cases recorded here (Cases 3 ańd 4). 
Under this heading I may mention the curious ee 
characteristic manner in which children. affected with severe 
generalised rigidity cry. They give vent to a series. of 
hoarse prolonged roars very unlike the’ screaming, sobbing 
and broken respiration of a normal child. This peculiarity 
bas been present in all the cases of generalised rigidity 1 in 
children that I have observed, notwithstanding that in some | 
of them &-moderate degree of intelligence was preserved. 


Convulsions.. 


With this type of cerebral diplegia Seen attacks 
are more commonly associated than with the other types, 
‘choreic diplegia and bilateral spastic hemiplegia’ being 

excepted. They occur in rather more than half Mi cases 
(Rosenthal). 

In 50 per cent. of the cases situs & history ot cón- 
vulsions, several attacks of convulsions occurred and in 
25 per cent a regular epilepsy became established or 12:5 
per cent. of all cases (Rosenthal). , It may then be stated 
that epilepsy is not of usual occurrence in cases of 
generalised rigidity. It is interesting.to compare both the ` 

' initial convulsions ushering in the symptoms in undoubted 


convulsive attacks to the convulsive seizures’ occurring in 
cases of general paralysis of the insane. I would here 
suggest, the possibility that such attdcks may have their 
origin in the game morbid a process, in the two | 
diseases. 

In cerebral diplegia convulsive attacks have -no con- 


.* nection whatever with a traumatic. origin of the disease. 


^, Nor do they bear relation for the most part with the severity 


prenatally installed cases, and the subsequent infrequent’ ` 


, of the other symptoms. Osler states that: in cases of slight . ` 


t legia every symptom may disappear SSEER the epilepsy. 


Special Senses. 


‘Primary optic atrophy occurs in a considerable bas 
of cases. Of seventy-two cases observed by Koenig, twelve. 
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presented marked optic atrophy; and.in two of the cases 


“it was unilateral. Tt- may produce complete blindness. "In 
the familial type of generalised rigidity of Waren Tay, and 
, Sachs, a peculiar form of degeneration of the retina was 


found in all cases: In these cases a whitish-grey oval patch 


` was. seen’ almost twice the size of the optic disc, with 
' softened edges and with its long axis lying horizontally, 


very slightly raised above the general surface of the retina. " 
The fovea centralis was seen as a cherry-red spot in the 


centre of this area. Holden found this appearance due to 


primary degeneration of the ganglia cells of the retina. 


‘Waren Tay: observed slight optic neuritis in one of these 


cases. In all these cases marked optic atrophy appeared, 
and in time produced complete amaurosis. Attention has 
also been: drawn to optic atrophy by Feer, Moeli, Freud 
and Koenigsbeer. ` 


Cranial Nerves. 


Inequality of the pupils and slowness of the light 
reaction are not uncommon. Spontaneous nystagmus of, 
very wide range is common in cases where the face is 
markedly affected. It is to be regarded ‘as the spastic ocular 
sign analagous to the rigidity elsewhere, and produced in 
the same manner (Osler, Sachs, Koenig, Freud, Rosenthal) ' 

Convergent strabismus occurs in about 80. per cent. of 


' the cases (Freud). Rosenthal considers that this.symptom 


is produced by a concomitant lesion in the region of 
the third nerve nucleus, but this conception rests upon no 
pathological evidence. 

: In nearly all cases the face shows signs of paresis and 
rigidity. With slight involvement of the face this may be 


, Shown by a general loss of emotional expression, slight 


retraction of the eyelids and some retraction of the angles of | 
the mouth. With more severe involvement of the face an 
unvarying starched expression with wide palpebral apertures 


anda large open mouth (botiche en cæur) are present. "The 


facial aspect then resembles’ strongly that of paralysis 


gag tng, Slobbering is common. In some'cases involun- . 
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1. 


tary facial overaction is present and gives .rise to varying 


grimaces on attempts to move the face or. on speaking. 


, Athetoid movements of the face are not rarely seen. 


The tongue is often very large and the hard palate very 


much arched. The presence of adenoid ES in ihe 


pharynx is frequently noticed. 


Difficulty of swallowing is present in the large majority = 
. of cases, though it may be slight. On watching the act of 
deglutition ih these cases the difficulty seems due to rigidity ` 
-of the muscular apparatus rather than o dny paralysis. 

Little was the first to observe dysphagia in this disease. 


Recently Koenig has stated that slight bulbar symptoms are 


, always present, and this may be said. to hold good for all 


. defect underlying the hole in the skull (Ross and Meschide). 


-the types of diplegia: Cases with severe difficulty in ` 
‘swallowing ‘have been described by Oppenheim under the ' 


name of “ infantile pseudo-bulbar paralysis." ' 


There may be difficulty with protrusion of the tongue . 


and this organ usually shares in the. facial athetosis, if this 


` is present. 


Laryngeal difficulties, dysphonia, stridor, &c., have been 
noticed E Levi-Sirigue. 


Conformity of the Skull. 


In congenital cases microcephaly is —" present 


(25. per cent. of all cases, Rosenthal): Signs of hydro- 


cephalus are present in some cases.’ Asymmetry and 
flattening of the region of the central convulsions are 


common (Fischer and Peterson). In a case of ‘slight 


generalised rigidity with profound mental changes I have 
noticed the frontal region small and flat disproportionately 
io the rest of the skull. In another case under my care of 


slight generalised rigidity, where speech was retarded till the’ ' 
ninth year, great flattening of the left frontal region and of , 


the right cerebellar region was present, In a few cases a 


defect in the skull in the central region through which the va 


brain could be felt to pulsate has: been found. 
Autopsies upon such cases have shown a: ;porencephalic 
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` Attitude. i 


In the more. severe cases characteristic attitudes. are 


. assumed. The head may he rigidly retracted, but more, 


commonly the chin ig pressed down upon chest. Torticollis 
has been ‘noticed in two cases by Rosenthal. In a case at 
present in'the National Hospital, under the care of Dr. 
Beevor, the onset of the disease occurred at 12 years.of age 
with convulsions and fever. A week later torticollis was: 


' noticed, which became severe in three months and then 


gradually lessened, but was still evident eighteen months 
later. The .case was a combination of slight generalised 
rigidity with severe paraplegia rigidity. ` 

The spinal column generally shows ‘kyphosis, sometimes 
lordosis, and often scoliosis: ` 

The cases presenting lordosis usually have head retrac- 
tion, and those with kyphosis a flexed position of the head. 

Several characteristic. attitudes have been described and 
named, and these occur with sufficient frequency to deserve 


special note. 


(1) The Gramped Aids (Freud). — The head and trunk 
are bent forward. There is kyphosis. The elbows are 
pressed into the sides and the forearms crossed on the chest . 
in contracture. There is contracture in the fully flexed 


` position at hip and knee joints. The position has been 
"described by Freud as that in which the patient occupies 


the léast possible space. ` 

(8). The „Attitude of Adoration (Freud) —The head is 
‘retracted and the eyes are staring. There is lordosis. The 
albows are pressed into the sides and the hands are held 


'supinated below the face. The legs are rigidly extended. 


(3) The Extension-supination Position.—The limbs are 
rigidly extended and the forearms are fully supinated. More 


rarely extreme pronation is associated with the extended 


position: of the limbs. 


Pes cavus is present in most of the cases. Some cases. 
show a condition of talipes equino-varus. Geng recurvatum. 


Bometimes occurs. . 


"The mode of progression in these cases where any is’ 


> 


. 414 | ORIGINAL ARTIOLES AND OLINICAL CASES 


possible.is characteristic. Little compared the gait to ‘that 


^: ‘of the tardigrade animals. ‘The “ cross-legged” progression 


is so well known as to need no description here. Where: 
the legs are so severely affected as to render walking im- 
, possible while fair power remains in the upper limbs the 
patient may crawl along the ground with thé upper limbs 
dragging the useless lower limbs and trunk. This has 
"been termed by Freud the “‘ broken-backed” progression 
from its resemblance to the progression of a broken-backed - 
tabbit. This last description applies more to he type to 
be.later described as paraplegic EEN than to generalised 


SE 
^ Muscles. 


Tn some cases a curious hardness and resistant feeling 
of the affected muscles is present resembling a similar 
condition in pseudo-bypertrophic paralysis. If athetosis is 
associated with the rigidity there may be actual hyper- 
trophy of the muscles. 

In late stages of severe EE EE rigidity the muscles 
` are always wasted.’ 

+ In the rapidly fatal cases of Waren Tay and Sachs, the 
muscles waste rapidly, although the normal responses to 
electrical stimulation are preserved, and there may be 
` associated with this wasting complete flaccidity of the 
muscles. Fibrillary twitchings of CR muscles are common, 
l eEpend 2 in adult cases. l 


Pire Movements. 


"Under this heading must be classed the very constant . 

maladroitness of movement present in thege cases, the facial ' 
. overaction and grimacing in speech and in mimetic expres- 
sion; choreic movements and athetotic ‘movements and 
intention tremor. These forms of perverse movements are 
only present where the rigidity is slight. Athetotic move- 
ments sometimes are present in the face; choreic move- 
ments never. Not rarely choreic or athetotic movements 
are present in the upper extremities associated with slight - 
rigidity, while severe rigidity affects the lower limbs. 
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"'Ohoreic movements may develop pari passu with the. 
rigidity. ‘A’ case of generalised rigidity may clear up for 
. the most part leaving a choreic diplegia (Rosenthal). Athe- 
totic movements always appear at a later date than rigidity. 
Cases presenting either choreic or athetotic movements 
' are said never to improve after such movements have made 
their appearance. 

Tremor precisely resembling that seen in disseminate 
sclerosis is sometimes seen in limbs where the rigidity is 
slight. Freud is of opinion that the so-called cases of dis- 
seminate sclerosis in children are in reality cases of diplegia.. 
A case recently under the care of Dr. Hughlings Jackson at 
the. National Hospital is interesting in this connection. A 
girl, after a severe attack of pneumonia at 7 years of. age, 
slowly developed symptoms. On examination two years 


^ 


^. later she presented -mental dulness, marked nystagmus, 


slight convergent strabismus, pallor of both optic discs, an 
-expressionless face with slowness of articulation, marked 
intention tremor of the hands and spastic paraplegia, with 
slight rigidity of the upper limbs and increase of all the 
deep reflexes. The case presented as one of disseminate 
. sclerosis. The symptoms agree equally well with the dia- 
. .gnosis of cerebral diplegia, and in addition to, the abové- 
.- mentioned signs this patient presented marked arrest of 
' growth of the left side of the body,—face, arm and leg. 
Common sensation and the muscular sense are unim- 
paired in the cases where ' their accurate investigation is 
. possible. d 2 
In the severe cases there is very great pain on passive 
. flexion of the rigid joints probably owing to the formation 
. of rest adhesions. ` > 
. 'Frophic changes are confined to a stunting of growth, 
but this is not nearly so well marked in, the diplegias as in 
infantile hemiplegia and in bilateral spastic hemiplegia. In 
diplegia the es of the distribution renders it difficult l 
to estimate. ‘ 
The sphincters are dated: 
. ^ ‘The deep reftexes are exaggerated, but are difficult to 
ott in wien which are very rigid, and for this reason foot 
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clorius is not generally. obtained: _ Of the superficial reflexes 
those of the trunk are absent in marked cases. , The plantar 


reflexes have, in, the cases under my observation, always `" 


shown an extensor response, and.in a recent: communication 
I have laid stress on the: connection between this form of 


, . plantar reflex and the presence of pes cavus. 


With the class of cerebral diplegia just described I would ) 
include the very characteristic group of cases brought into 
notice by Waren Tay, B. Sachs, Hirsch, Peterson, Kingdon 


_ and others, and recently described in detail by Kingdon and, 


Risien Russell in “ Allbutt’s System of Medicine ” under the 
title of “ Infantile Cerebral Degeneration. " The symptoms 


„of this disease are those of generalised rigidity, and but for 


the retinal change could not be distinguished. Thé same 
morbid changes which have been- found constant in this 


disease have been found in recent cases of generalised 


rigidity ; in two cases here recorded by Risien Russell, by 
Mya and Levi, by Warda, and by Sachs. 

.In the reported cases of this type the patients have all 
been Hebrews. ‘The disease is familial. There have been ` 
no known clinical antecedents. Birth has always been" 
natural and at full term. The patients are healthy up till 


. between the third and sixth month when general weakness 


comes on insidiously, and is followed some little time later, 
if the child live, by genéralised rigidity associated with 


^ muscular wasting. Great mental failure, optic atrophy, and 


peculiar retinal' changes (vide ante) are present with the 
usual signs: of generalised rigidity. This disease has proved 
fatal in “all cases at an early. period, generally peiore the 
second year-of life. j^ 
) 


Atypical Forms. 
(Formes frustes de rigidité generalisée, Rosenthal.) 


- These cases are placed under a special heading because of ; 
their peculiar clinical aspect. They present slight symptoms 
of generalised rigidity with profound mental changes, which 


‘generally amount to complete idiocy. ‘Rosenthal has sug- : 


gested that in these cases the incidence of the cortical lesion 
is chiefly upon the frontal convolutions. E 
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Bilateral spastic Hemiplegia. ER 


Severe forms of this condition cannot be, distinguished 
from the most severe cases of generalised rigidity, as the dis- 
tinguishing symptom—the paralysis and its distribution— 
are in both conditions absolute and general. In, slighter 
forms the type is characterised by the preponderance of 
paralysis. over the rigidity, and by the fact that in these 

cases the arms suffer more than the legs as in the common 
‘type of hemiplegia. Stunting of the growth of the limbs 
` is much more marked than in the other forms of diplegia. 
The occurrence of convulsions is common, and occurs in 
44 per cent. of the cases (Sachs, Gaudard, Wallenberg). 
The majority of the cases are congenital. ‘The pathological 
distinction between bilateral spastic hemiplegia and gene- 
ralised rigidity is that in the former case deep lesions of the 
: hemisphere, and’ in the latter case superficial lesions, are 
found. 


‘ Serie Rigidity. (Rigidité Pavan jae -Freud. Para- 
plégie spinale spasmodique, Erb. Littles disease, van 
` Gehuchten.) i 


In this type the rigidity and paresis are confined to the 
lower ‘extremities. Tardigrade progression, or the cross; 
"legged progression, or the “ broken-backed ” progression is 


" present, Adductor and extensor spasm of the legs with 


pes cavus is ‘the rule. Not rarely.there is hyper-extension 
of the knees. The general description given in the descrip- 
` tion of ‘generalised , rigidity EE as Eer the lower 
exttemities, to this type. 
Convergent strabismus occurs more frequently in this 
type than in the others, and is found in 30 per cent. of the 
cases (Freud). 
Mental defects, difficulties of speech and of swallowing 
' occur as frequently as in the other types, but for the most 
` part in a lesser degree of ou SEN this is not always 
the case. 
'  Convul&ions are present in. 36 per cent. of tlie cases (Sachs, 
` Osler, Wallenburg, Gaudard). 
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Combinations of paraplegic rigidity, with choreic diplegia 
and with bilateral athetosis, occur. = 


Bilateral Athetosis and Choreic Diplojia Ge 
i Chorea). 


The essential feature of the types consists in the pre- 
Sence of constantly occurring spontaneous movements which 
may affect all the muscles of the body. Bilateral athetosis 
and choreic diplegia are only separated as:types by the form 
. and extent of the spontaneous movements, and the two forms 
of- movement may occur in the same case. d 

The movements of athetosis are slow, rhythmical, and 
affect the peripheral parts of the limbs most. . T 

The,choreic movements are quick, shock-like, localised, 
and affect the proximal parts of the limbs most. The term 
“‘choreic.movements”’ is an unfortunate one, as tho move- 
ments in no .way resemble those of. true chorea. They 
- resemble closely the movements of myoclonus and the de- 
scription of the movements in Dubini’s disease. 

. Choreic movements are hardly ever seen in the face, buti in: 
' two brothers affected with choreic drplegia recently observed 
at the National Hospital such movements constantly occurred 
in the tongue and palate. The movements in these cases 
showed violent exacérbations; and during periods of increase 
the movements were always presént in the facial muscles 
about the angle of the mouth. The laryngeal muscles were 
not affected. 

The trunk muscles are often affected. 

Choreic movements always cease during sleep. 

Athetosis frequently affects the face, and is associated 
with great facial overaction and’ grimacing on voluntary 
movement. The tongue when at rest in the mouth and 
when protruded may show most evident athetosis. In severe 
. cases all the muscles of the body may be affected, and the 
movements beginning in one limb may spread successively to 
the other limb on the same side, and then to the opposite 
. limbs. In some cases the movements are confined to one ` 
region of the body. The face or the upper or lower extremi- 
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; “ties may z affected alone. ` Athetiotic movements sometimeg 
.. continue during sleep. Blight generalised rigidity and paresis 
-aro present in these cases, though they may amount to little 
more than an increase of the deep reflexes and slowness of 
` voluntary movement. The same mental changes, affection. 
of speech, nystagmus, strabismus, optic atrophy, and 
dysphagia as have been described in “ generalised rigidity.” 
occur in ‘bilateral athetosis and in choreic diplegia. A few 
points, however, demand special notice. Even in the most 
severe cases of bilateral athetosis the mental changes may be 
' yery slight. Convulsions are common in choreic diplegia, 
but are very rare in cases of bilateral athetosis. In both 
types intention tremor is'not infrequently noticed. In 
athetosis actual.hypertrophy of the muscles is sometimes 
seen. i à É 
Course of the Disease is Cerebral Diplegia. 

Some cases are regularly progressive either rapidly or 
slowly, and this generally is the case with the more severe 
forms of generalised rigidity. Others after the symptoms 

. have’ reached a certain degree of intensity may remain 
stationary or may tend -to improve. The latter result is 
more often seen in cases of paraplegic rigidity and slight 
. generalised ‘rigidity. The amount of improvement is, how- 
, ever,rarely great. In slight cases of generalised rigidity the 
symptoms may disappear from the upper limbs, leaving a 
condition of paraplegic rigidity. Osler has noticed slight 
cases: in which all the symptoms have disappeared except 
epilepsy; van Gehuchtén states that,cases of paraplegic 
rigidity regularly tend to improve. Most writers, however, 
agree that improvement takes place only to the extent of 
gaining some poor power of walking, and. that this much 
occurs only in some cases. 

~ Bilateral hemiplegia i is always stationary. 

Improvement is, perhaps, never met with in bilateral ` 
athetosis, and choreic diplegia and. cases of athetosis are 
usually progressive. 

_' Speaking generally, cerebral diplegia tends to shorten“ 
` life much more than does hemiplegia, and few infantile cases 
reach adult life. . 
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The Morbid Anatomy ‘and Pathology of Cerebral Diplegia. 


The pathology of this disease has been the subject of 
. much controversy, and the most diverse opinions have been 


; . and are still held concerning it. 


"Though a considerable number of autopsies are ‘recorded, 


deductions as to the nature of the morbid process have been. 


‘beset with great difficulties. In the majority of the reported 
cases. the examination has been made long after the ‘onset of 


the disease, and from the final lesions found it has been im-' 


possible to infer with certainty the initial lesion. Only a few 
autopsies have been performed at a time when the initial 
lesion can be said to have been recent. It is only recently 
that the tissues have been examined by the new methods of 


histological examination. -Further difficulties arise from the 
| fact that the final changes found are not constant, and that ' 


the same final changes have been proved to be produced by 


differenf initial processes. Moreover, the final lesions de-. 


scribed have not been sufficient in some cases to explain the 
symptoms. In two cases similar in origin, course, and 


symptomatology, widely different final lesions may be found; ` 


as for example in the cases reported by Otto and Warda. It 
' has been impossible to foretell from the clinical aspect of a 


case what lesions would be found, nor has it been possible to 


deduce the clinical type of the case from the final lesions 
found. Ithas been stated by Freud that the symptomatology 
is.determined by other than the anatomical conditions'so far 
brought to light in these cases. "Too much stress has been 


laid perhaps upon the coarse anatomical lesions which may’ 


be only secondary results of primary degeneration in the 


nerve elements themselves, and' these last factors alone may : 


' determine the symptomatology. To this conclusion the re- 


sults of recent investigations, especially upon cases examined ' 


soon after the disease has set in, tend. 


Certain anatomical conditions, which are found as final ` 


lesions in cerebral diplegia, seem to be peculiar to the infan- 
tile brain ; they are the conditions described here as diffuse 
. and lobar atrophy of the convolutions and porencephaly, 

Freud has suggested that lesions may in the adult brain 
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produce, softening,’ cicatrisation, and cysts, produce. atrophic 
sclerosis and porencephaly, on account of the greater vitality 
of the. glial’ tissue, which remains alive after dir sation 
in the infantile brain. 


Final Lesions found - 4n -the Castine 


8) Diffuse: Lobar and, Partial Atrophie Sclerosis.—In 
this condition, which is found alone in 50 per cent. of all 
cases (Osler, Richardiere), 84 per cent. (Sachs), there is 


, atrophy of the convolutions without disturbance of their, 


form or arrangement. It may affect, the whole cortex or 
may be confined to certain regions. The atrophy is often 
gymmetrical. The weight of the hemispheres is lessened, 


_ and the consistence of the brain substance increased. The 


cerebellum may be uncovered. The atrophy i is always found ` 
to affect the Rolandic convolutions more or less, and has 


, & special preference' for the occipital lobe in, many cases 


(Richardiere). In connection with’ atrophy of the hemi- 
spheres, there may be marked atrophy of the cerebellum. 

The meninges are never affected. 

The convolutions are small, and the sulci are ned 
The cortex is thinned, and its surface often presents a worm- 
eaten appearance. The white matter of the centrum semi- 
ovale is reduced in size, and is of a deep greyish colour. 
The ventricles are often enlarged. Occasionally “ plaques 
jaunes” and small cysts : are found in connection with the 
atrophy. : 

Microscopically, the. idR of the grey matter is one 
of increase of the glial tissue, with thickening round the 
blood-vessels, and Juophy or disappearance of the nerve 
elements. x i 

^ In cases where the examination has been made soon after 


` the onset of the disease, the atrophy of the,convolutions has 


been much, Jeep marked. The increase of glial tissue has. 
been less marked, and. in some cases absent. ` The atrophy 
of the nerve elements has been conspicuous. 

Under this heading céme the autopsies recorded by Mac- 


' Nutt, Railton, Marie, ‘Jendrassik, Warda, Mya and Levi, ` 


4 


^ 
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Bachi; Cotard, Beliulize, Anton, Money, Henoch, Forster, 
Isambert, Bechterew, Russell, Robin, Friedmann, Muratoff, 
Schmaus, Gee, Richardiere,' Bournéville and Brissaud, 
Dejerine and Sollier. ] 

(i) Patchy Sclerosis. —'Thia Soon described by 
Bourneville differs only from the preceding in that the 
atrophy in'each convolution was local, producing a knobbed 
appearance, the convolution being alternately shrunken and - 
hypertrophied, the projecting portions showing great i Increase 
of the glial tissue ('* sclerose hypertrophique”’). 

(i1) Porencephaly.—This term was first used by Heschl 
for large and localised defects of the cerebral substance lead- ' 
ing to a thinning or absence of the wall of thé lateral 
ventricle. , 

: Buch porencephalie, defects máy occur in any part of Ehe. 
hemisphere, but they are: more common in the Rolandic 
region; they are very often symmetrical. In two-thirds of 


‘von Kahlden's,cases the defect was bilateral and sym- 


metrical. The following forms of porencephalic defects are 
described :—(1) The cavity, crossed by trabeculw, forms a 
spongy mass communicating neither with the ventricle nor 


_ with the sub-arachnoid space. -Rarely the condition is one 


of multiple cysts. (2) The defect takes the form of a.space 
communicating with the ventricle. (8) T'here is & complete 
absence of the wall of the lateral ventricle at one spot, 


' the ventricle and subarachnoid space communicating. The . 


hemisphere may be reduced for the most part to a thin- 


. walled cyst, when a large defect of the second variety is” 


present. The wall of the cavity is smooth, and is not 
fibrosed. Pigment has been found in the wall in one case, 


' and from this fact an origin in hemorrhage was argued. | 
The convolutions in the neighbourhood of the porencephaly 


are small and sclerosed as a rule. The convolutions either 
are normally arranged and are cut off sharply at the edge of . 


‘the defect, as if this bad: been punched out, or they radiate 


- towards the defect, as do the spokes of a cartwheel to its 


centre, becoming smaller towards the edge of the por- 
encephaly, and gradually sinking^into it. Kundrat con- 
sidered that the arrangement of the convolutions in the 
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"neighbourhood of the porencephaly was enolase proof ap 
io its congenital’ ‘or ‘acquired origin, the variety with the 
cartwheel arrangement of gyri “being congenital, the ‘other 
f acquired. This argument has proved incorrect, for un- 
doubtedly congenital cases have been reported by Anton, 


‘Schultze, and von Limbeck, where the arrangement of - 


` sonvolutions has been normal; and, on the other hand, ` 

the radidte arrangement has been found in cases certainly 

` post-natal by von Monakow, von Kahlden, and others, 
ànd has, with & condition of porencephaly, been produced 

, experimentally in animals by Bikeles and D’ Alundo. 

. In cases of diplegia, where the symptoms: have been 
` strictly symmetrical, unilateral porencephaly has been found, 
associated with microgyria and sclerosis of the GE 
of both hemispheres. 

In the general or'local scaly ‘of the convolutions asso- . 
ciated with porencephaly, atrophy. and disappearance of the 
nerve elements with sclerosis is always found. In one case 
the artery supplying the region of the defect was absent. : 
‘Autopsies have been recorded by Heschl, Kundrat, Herter, 
Böttger, v. Monakow, v. Kahlden, Bourneville, Dausiac,. _ 
Heubner, Koenig, Ross, ‘Otto, De Forest Willard, Mierze- . 
. jewski, Muratoff, Petersen, Ganghofner, Schultze, Anton,  ' 
v. Limbeck. . 

o. Qv) D EE — Ganghofner brought this condition 
forward as the final lesion and: onge in three cases of 

diplegia. In one of these cases the cortical grey matter is 
stated, to have been much reduced. Thete was no o report of 

histological examination. _ i 

.(v.) Chronic vertical lépto-meningitis. — This d is 
rarely found. Cases of diffuse atrophy of the cortex. with - 
thickening and adhesions of the pia mater have been 
reported by Marie and Bourneville. 


Initial Lesions and Processes. 


(1) Arrest of development.— This has been brought 
forward by several writers as the factor in certain cases , 
of porencephaly, and while perhaps true for certain cages, 
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Where “the defect eae an ‘Opening ‘between: the lateral . 
“ventricle and the subarachnoid space, as for instance in the 


_ case recorded by Ross, it is not’ proved. .Borencephaly is ™ 


.not associated-with either a low developmental type or an 
. unusual arrangement of the convolution, such as might be ` 


expected. were it due, to congenital arrest of development 
simply. Such alteration in.the convolutions as does occur 
in this condition Ke been found in Cages angountediy. of 
post-natal origin. ' ^. S 
(2) Vascular initial lesions. Meningeal Haemorrhage. — ' 
The origin of cerebral diplegia in meningeal hæmorrkage 


' has been: supported. ‘by many writers, MacNutt, Gowers, 


Taylor, and others, and it is considered to produce the final 


_ legion lobar sclerosis. , 


Meningeal hemorrhage is commonly found in: young- 


“children, Weyhe performed , 957 autopsies upon children’ : 
; from & few days old, to six months old, and found signs of ' 
-meningeal hemorrhage in 122 of the cases, that is in 18 


per cent., though none'of these cases presented any sign of 


damage to the brain. In 192 autopsies upon children the 


`. Subjects of congenital syphilis he found meningeal hemor- 


rhage in 23 cases or in 19 percent. Similar results were ` 


. obtained in congenital syphilitic patients by Mracek. It is 


interesting in this connection that Koenigstein, in 1881, 
found retinal hemorrhages common in newly born healthy 
children, and especially common in children born prema-. 
turely. There aré only two recorded autopsies of cases of 


‘cerebral diplegia which bear upon this question, those of 


MacNutt and Railton. The following is a brief abstract 
of MacNutt’s case.: * ue t 


The mother had two children still-born and two died ‘soon 


' after birth. Labour difficult. Breech delivery. Small emaciated 


child. Symptoms noticed directly after birth. Clinical aspect, 
povere generalised rigidity. Death at two and a half years., 


. Condition found: Synimetrical and severe lobar atrophy affecting 
‘paracentral lobule most; to a less extent the central convolu- . 


tions, and the roots of the three frontal convolutions. Meninges 


` normal. Cortex of affected area destitute of nerve elements, and. ` 
'ab'edge of atrophic region gradual disappearance of nerve cells. 
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Some - „sclerosis in deeper layers „of atrophio cortex. Typical 
bilateral degeneration ofthe pyramidal tracts. z x 
" Railton's' case gave a similar, history and result, except 


that there was no degeneration of the pyramidal tracts. | 
Dr. MacNutt figured the meningeal hmmorrhage found 


l post-mortem in a newly-born ` child suffering from right 


brachial monoplegia, occupying the same situation as the ` 


‘atrophy in her case of diplegia, and argued from that, that 
‘meningeal hemorrhage had caused the atrophy. No trace 
‘of meningeal hemorrhage was found in her case, and the 
- explanation was ‘that it had been completely absorbed. 
. But in children up to nine months of age suffering with 


no diplegic symptoms Weyhe repeatedly found distinct’ 
remnants of meningeal’ hemorthage that had occurred at 
birth, with no sign of cortical atrophy. It is difficult to 
éxplain, moreover, why & meningeal hemorrhage should 
remain localised to a certain region. ‘of the subarachnoid 
space, and there be efficiént to .produce complete cortical 
atrophy, while the commonly. occurring ‘meningeal hæmor- 
thage in the subtentorial region produces no symptoms 


E (Franz Schultze). The very. general symmetry of the 
: , lesions, and often, their situation in cases of atrophy ‘of 
‘the cortex, make the explanation ef meningeal hsemor- 


rhage, as the. initial lesion producing diffuse and. lobar - 
cortical sclerosis, & very difficult one.. That meningeal . 
Hemorrhage is common in young children is proved, but 


that it can produce cortical atrophy and the symptoms of 


diplegia is not conclusively proved. .Neither in MacNutt’s 


. nor in Railion's case can meningeal hsmorrhage be said to 


have occurred undoubtedly as the initial legion. 
Embolism.—The frequency of the affection of the central 
convolutions'in cases of cerebral diplegia suggests as a cause ` 


: interference with the blood supply to that- region by the 


arteria centralis media. Abercrombie and Schultze are the 
chief upholders of the theory of embolism to.account for 
lobar sclerosis. Freud in La’ Nouvelle Iconographie de la 


' Salpêtrière reports a case of diffuse atrophy of the hemi- 
- spheres undoubtedly the result of embolism. Delettre, Char- 
. €of; and -Heubner have reported similar cases. Heubner, 
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. Schultze, and Krauser have each reported a case in which . 
, porencephaly resulted from ‘post-natal. embolism.’ 
' Diplegia i is only in rare cases associated with pathological, 
conditions in which’ embolism is likely to occur, and in this ` 
disease embolisms are‘rarely found: in other organs. The 
likelihood of occurrence of bilateral symmetrical embolisms 
such as could produce diplegia, is small. Embolism, though 
perhaps a more common cause of hemiplegic infantile spastic . 
states, cannot be considered as more than an occasional 
cause of diplegia. mg 
"0 Thrombosis.—QGowers advocates thrombosis of the corti: ' 
_ cal’ veins and òf the superior longitudinal sinus as a cause of 
diplegia. In a case reported by Abercrombie diffuse atrophy 
. of the convolutions with thrombosis of the superior longitu- 
dinal sinus and with widespread arterial disease was found : 
_8igns of congenital syphilis were present in this case. Angel 
- Money found diffusé atrophy of the convolutions with nearly 
. all the pia matral vessels thrombosed in a case of general- 
ised rigidity. Cotard found obvious endarteritis associated . 
` with diffuse atrophy of the convolutions and “plaques jaunes” ` 
in one caso. Kundrat considèrs many porencephalic defects 
- to be the result of ansmic necrosis in foetal life, ey the , 
result of thrombosis. 
In: cases showing atrophy of convolutions and Se, 


pbaly, however, indications that those conditions were the i 


result of thrombosis have only rarely been found, and in the 
cases éxamined soon after the onset of the disease to which 
the greatest’ importance must be attached, signs, of throm- 
. bosis have been. wanting. i 

Intra-cerebral hamorrhage. —This initial process as à're- 
sult of trauma at birth or in later life, and multiple hsemor- 
rhage as a result of asphyxia neonatorum, have appeared 
likely from autopsies in which porencephaly was found by . 
Herter, Botiger, von Monakow, and von Kahlden, and in, 
the cases reported by the two last writers there had been ~ 
severe injury produced by the forceps'duting delivery. In 
Ashby’s case the condition of multiple cysts and sclerosis. 
was attributed to multiple small hemorrhages. , , Sachs and | 
.'' Petersen, gpeaking ER of infantile eck ‘states, con- 


H 


H 


OEREBRAL DIPLEGIA .' ^. 497 


Sider'cerebral hemorrhage a common initial process. They 
came to the conclusión that of seventy-nine autopsies upon 
hemiplegic forms collected by them, twenty-three were due 
to intra-cerebral hemorrhage, but’ they found no reason for 
considering it the initial process in twenty-five autopsies 
upon diplegic forms. 

` Inflammatory initial lesions.—Virchow in 1865 described 
a condition of “ ‘encephalitis congenitalis," and von Limbeck i 
considered atrophio lobar sclerosis the result of this condi-: 

-tion. Vizioli in 1880 advanced polio-encephalitis as & Cause 
.of infantile spastic states. Strumpell in 1885 brought for- 
ward cases of undoubted polio-encephalitis, and argued this 
initial process for infantile spastic states generally. The 
condition found in his cases was acute inflammation of the 
‘cortex with hemorrhage. About the same time Wernicke 
brought to light similar cases, and in one case found this 
condition of encephalitis associated with polyneuritis and 
polio- myelitis affecting the anterior horn-cells of the cord 
and bulbar nuclei. The. influenza epidemics brought many 
similar cases. Goldscheider, Eisenlohr, Leichtenstern,’ 
Bucklers, Friedmann, and Oppenheim, amongst many 
others, have recorded cases. This disease has occurred 
‘chiefly in adults; the initial symptoms have been very 
severe, and it is frequently immediately fatal. In cases that. 
have survived the initial disease, the final lesion in cases 
‘examined has been very different’ to those: found in cases 
of diplegia. Though a definite clinical entity, polio-encepha- 
"litis seems to have no connection with diplegia. Marie, 
however, inclines to the opinion that some cases of acquired 
diplegia with severe initial symptoms are of this nature. 
'Strumpell considered both porencephaly and sclerosis the 
results of polio-encephalitis. His reference of polio-ence- 
phalitis and polio-myelitis to the same morbid agent has 
received no confirmation. 

Degenerative initial lesions the resiti of toxic processes.- — 
The majority of the known stiological antecedents of cere- 
bral diplegia, both congenital and acquired, are conditions 
suggesting the presence of a toxic state. In diseases of the 
nervous system, the result of toxic processes, the nervous 
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' \ 
. elements usually suffer rather than the ‘interstitial "tissue. 

In familial nervous diseases, into which class diplegia comes 

' to a considerable extent, it'is natural to look’ to the ‘neuron ‘ 

' a8 the probable seat of initial disease. - e eT Se 
. . Jendrassik and Marie strongly support the cer origin : 

of infantile spastic states. They ‘consider that the initial 
process in cortical sclerosis .is & sclerosis round the smaller 
‘blood vessels, the result of an infective toxic process.’ 

In reported cases of atrophic lobar and diffuse sclerosis 
and in the sclerosis associated with porencephaly, marked 
degeneration or disappearance of the neurons of the cortex 
has been found. Tt has been argued that this sclerosis is a 
secondary sclerotic process, spreading from the site of a. 
-vascular lesion - (cyst, bruise, “plaque jaune” or poren- 
cephaly), or it is occasioned by meningeal hemorrhage, 
and that the destruction of nerve cells is secondary to the 
sclerosis (Schmaus). 

- Cotard, in 1868, first drew attention to an atrophy. of" the 
pyramidal neurons out of proportion to the sclerosis. 
Warda, in 1895, in a recent case of generalised rigidity with 
diffuse cortical atrophy, found disappearance and degenera- 
tion of the cortical neurons, and this was certainly not 
‘secondary to any sclerosis. Mya and Levi, in 1896; found 
‘the microscopic anatomy of the diffuse atrophy in a case ` 
of generalised rigidity to be arrest of development, and 
degeneration of the cortical nerve cells. Sachs, in a case 
which he had attributed to meningeal hemorrhage, found 
a primary degeneration of the pyramidal neurons. In two 
of the cases reported in this paper Risien Russell found a 
progressive chronic degeneration of the cortical neurons, 
and the appearances suggested a toxic cause for this 
degeneration. 

, In all the cases of Waren ‘Tay and Sachs type of general- 
ised rigidity that have been examined, primary degeneration | 
of the neurons of the cortex cerébri has been found. The 
atrophy of the convolutions and the gliosis has been shown ` 
in these cases to be secondary to the degeneration of the , 
nerve elements, for in the cases when death occurred at an 
. early period of the disease atrophy and convolutions and 
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sclerosis were abe. or very alight, and in other cases the 
amount of atrophy and sclerosis were “proportionate to the 
length of time the disease liad lasted. | 

It has been already pointed out that the symptoms in 
cases of diplegia often do not correspond to the coarse 
‘anatomical lesions found. In s severe case of generalised 
rigidity. reported by Ganghofner,'no coarse lesion was found. 
This is easily explicable if the essential morbid process in 
such cases is'& lesion of the neurons and the coarse 
anatomical changes are secondary to this. 

It is then certain that the conditions—lobar and diffuse 
atrophic sclerosis——in some cases owe their origin to a 
degeneration of the neurons of the cortex. „Some porence- ' 
phalic defects and the associated atrophy of the convolutions 
mar also possibly arise as, secondary processes from the ` 
same initial lesion affecting the neurons. 

Of all the pathological processes which have been 
brought forward as the primary causes of diplegia, degenera- 
tion of the neurons of the cerebral cortex is in most accord- 
ance with the clinical aspect of. many cases of the disease. 

. The association of the disease with toxic states of the ` 
. mother and with premature birth; its post-natal origin after 
specific fevers. and indefinite febrile attacks; its progressive 
course in many cases, and the variable mode of onset of the 
. disease, are more compatible with this pathological explana- 
„tion than with any: other that has been brought forward. ` 
-. The pathology of choretc diplegia.—While the lesions of 
brain found in this‘condition are similat'to those found in 
the other types of diplegia, an attempt has been made to 
connect the presence of choreic movements with special 
lesions in . the region of. the corpora, , striata. Broadbent 
in 1869 found capillary embolisms in the corpora striata. ` 
Anton in a typical case of choreic diplegia found changes 
in the putamen, namely, sclerosis round the blood vessels 
and cicatrices which were probably the results of multiple 
-goftenings. In six cases Demange found changes in the 
lenticular nucleus. Such changes, however, are not con- 
stant. Probably choreic and. athetotic movements are to` 
be connected with superficial lesions of the cortex (Wallen- 
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l berg, Freud). Such superficial lesions have, been demon- 


strated by Kroemer, Kalischer, Kronthal, Oppenheim and 
Hope. The last two observers have found in cases of 


"Huntington' s chorea a condition ‘which’ they described as. 


miliary disseminate interstitial sclerosis of the cortex. 

The. condition of the pyramidal tracts in cerebral 
diplegia.—The following conditions have been found:— , 

(i.) Secondary degeneration of all the pyramidal tracts : 
in the cord. This has been found in most of the acquired’ 
cases and in many cases dating from birth. When pre- -` 
sent it indicates that the onset of the disease occurred after . 
the pyramidal tracts have been developed. | 

(i.) Absence of the pyramidal tracts on both sides was 
found by Anton, by Schultze, and by Dejerine, and on one 
side by von Monakow. This condition suggests that the 


' onset of the disease occurred before the development of the 


pyramidal fibres, and that the cortical neurons, from which 


` these fibres grow were so damaged by the morbid process 


that no development of these tracts could take place. 

Freud states that in secondary degeneration the fibres 
of the pyramidal system may after a long time disappear 
so completely as to leave no trace of their existence. This 
may account for the absence of the tracts in some cases; 


. possibly this had happened i in Dejerine’ 8 case. 


(ii) Diminution of the size of the pyramidal tracts 
has been found by Osler and Ganghofner.: A lesion of part : 
of the motor cortex at an early date preventing the develop- 
ment of some of the fibres of the tract probably explains 
this condition. , 

Gv.) The pyramidal tracts may be normal. This con- 
dition has been found by Ganghofner and by Railton. 


(The method of examination is not stated.) 


Further Pathological Considerations. ' 


In diplegia the brain is usually affected during its 
development, and at this time there is more capacity for ' 
the repair of damage and for compensation than when the 
organ is. fully developed. From this it may be said that. 
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the infantile brain i is better protected agairist local lesions, 
“but not so well protected against diffuse lesions, on. account 
of the, tissue instability,’ ‘than j is the’ adult brain. 

* Gowers, Anton and Freud have. given a general explana- i 
. tion of the rigidity in diplegia as being the result of the 
isolation of the lower centres from the control of the. 
cerebrum and the unopposed action. of these centres. | 
-Rigidity does not -depend pon, any degeneration of E 
pyramidal tracts. 

It has been pointed out: by Freud that in newly-born 
infants, slight rigidity, and, movements which call to mind 

; both athetotic and choreic-movements, occur normally. 

Freud, Rosenthal and others investigating the connec- 
tion of the rigidity and the paralysis in diplegia have come 
' to the ‘conclusion that in cases ih which rigidity pre-. 
ponderates the cerebral lesion: is superficial, and where 
. paralysis preponderates the cerebral SS extends deeply : 
. into the hernisphere. ; 
^. A lesion;extending deeply isolates thé lower centres 

associated with. the damaged region much more completely 
than does a partial lesion of the cortex. 

In this connection a most interesting case is reported 
by-Freud of ‘generalised rigidity associated with complete 

left. hemiplegia. © Diffuse.cortical sclerosis was found in 
both hemispheres, but in the corona radiata of the right 
hemisphere a SS was found beneath the central con- 
volution. 

In the reported autopsies upon cases s of bilateral yagi 
hemiplegia the lesions have either extended deeply or have 
e < completely destroyed the cortex, : 

TThere are several diseases of which the pathology : is 
little known, which must be considered as closely allied to 
„the cerebral diplegias. The two following disedses perhaps 
stand in very close pathological relationship. 

(1) Adult, familial paraplegic paralysis which has been 
‘ssortbad by Osler, Franz Schultze, Kraft-Ebing, Souques, 
Neumark,’ Erb, Melotte, Castellamesse, ‘Koschewnikof, 
Massolongo and Oppenheim. 

is Forms of chronic spastic. paralysis occurring in SE 
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- often associated: with mental changes. These conditions 


D 


have been described by Pelitzoeus, Dreschfield, Freud, 
Higier, Friedmann, von Homen, Bouchard and Sonn: 
Bruns and Seeligmuller. A 
Showing a distant- relation with diplegia are the ge 
Huntington's chorea, Friedreich's ataxy, Marie's ataxy and. 


' myopathy, and certain facts showing this relation have been ` 


pointed óut by Koehig, P PER RES and Franz 
Schultze. 


Summary of Conclusions as to the Pathology of Diplegia. 
I. The cerebral lesions found in nearly all cases of 


diplegia are (1) atrophy of the convolutions ; (2) poren- ', 


cephaly ` (8) no coarse lesion but degeneration and disap- 
pearance of the cortical neurons. 
IL. The initial .morbid process producing diffuse and 
lobar atrophic sclerosis are (1) degeneration of the neurons 
of the cerebral cortex ; (2) vascular lesions; embolism, throm- 


.bosis and intra-cerebral Ee (8) perhaps meningeal 


hæmorrhage. 


II. Porencephaly ` may be produced by (1) arrest of 
development with tissue absorption owing to foetal vascular 
disease; (2) direct injury to the brain; (8) vascular lesions 
after birth; emboliam, thrombosis, and intra - cerebral 


. hemorrhage; (4) it may also result from the process of 


tissue absorption and shrinking of the ‘brain substance 
occurring in cerebral sclerosis, and may result as a secondary 
process in degeneration of the cortical neurons. ' 

IV. Bilateral spastic hemiplegia is connected with deep 


lesions of the hemispheres. The other forms of diplegia are. , 


connected with superficial lesions of the hemispheres. 

V. Athetotic and choreic diplegia are associated with 
superficial lesions of the cortex. "In these types lesions of 
ane SE striata are hot constant. g 


Differential Diagnosis. 
The diseases most likely to be confounded with cere- 


‘bral diplegia are Marie 8 hereditary ataxy, Friedrich’s ataxy, 
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disseminate’ sclerosis occurring in children and familial 
spastic paralysis. . , ; 


` Treatment. 


Guy the slighter forms of generalised and paraplegic 
rigidity afford any scope for treatment. l 

Careful mental training and the regular use of appropriate’ 
gymnastic exercises may do much to aid improvement. 

Slow, extension and the division of tendons in slight 
cases where ‘contractures have occurred have produced en- 
couraging results (Edlenburg, Hone. Le Bonnardieres, and 
E 
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REMARKS ON JACKSONIAN EPILEPSY | 
ILLUSTRATED BY AN UNUSUAL CASE. 


BY JOHN SOUTTAR MOKENDRICK, M.B. 
Late Resident Physician in the Glasgow Western Infirmary. 


THE case occurred in the wards of Sir William Tennant 
Gairdner, K.C.B., while I acted as his resident, and I have 
to thank Sir William for permission to publish the case, 
and for the interest he ‘has taken in this paper.! 

It is not my intention to give a critical description of 
Jacksonian epilepsy, on’ which so much has been written, 
but, in order to increase the interest of the case now 
` reported, I shall discuss shortly some of the more important 
points in regard to the history, physiology, and pathology 
of this disease. i 

At the outset I may state that I have made free use of 
an admirable article by Rauzier which appeared in the 
January number of La Semaine Médicale, 1893, and which 
contains a valuable epitome of the literature of the subject 
up to that time (1). 

Another review, likewise full of information, is written 
by Burlureaux in the Dictionary of Medical Sciences. 
Interest in the subject is also aroused by the perusal of 
individual cases described by such masters as Hughlings 


Jackson (2), Charcot (8), Ferrier (4), Dreschfeld (5), Ross (6), - 


Gowers (7), Broadbent (8), and Byrom Bramwell (9). 
French writers have added largely to the literature of the 
subject, among whom may be mentioned Bravais (10), 
Fournier (11), Girard (12), Greffier (13), Pitres (14), Charcot 
et Pitres (15), and Bourneville (16). 

! I have also to thank Dr. Ferguson for a pathological report, and Dr. 
Fred Dittmar for making careful sections of the brain tissue for me. To Dr. 
Samuel Prior I am indebted for the accompanying photomicrographs of the 


cerebral cortex, and to Dr. Hutton for his report on patient’s condition on 
last admission, 
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History. 


The medical history of convulsions dates back to the 
earliest times, and cases were described when only one 
side of the body, and indeed where only individual members 
were affected, but then post-mortem examinations, I suppose, 
,were never made, and consequently no definite relation 
existed in the minds of writers between the central nervous 
system and the convulsive storms that occurred at various 
parts of the body. From the beginning of this century on 
to the middle of it, many cases were reported where con- 
vulsions affected certain parts of the body, and where 
definite organic lesions existed in the form of tumours, 
cysts, thickened membranes, &c., in the opposite side of 
the brain from the convulsed side, and yet these authors, 
both from want of experimental proof, and also from want 
of scientific reasoning, did not group the facts together in 
such a way as to establish a connection between the lesion 
and the convulsive ‘seizures which were so accurately 
described. f 

Abercrombie (17), for example, describes as & class 
certain cases ''distinguished by convulsions without any 
affection of the senses," where, he says, the convulsions 
may be confined to one side of the body, and he notes that 
in one case ‘‘there was a tumour on the surface of the 
opposite hemisphere, and in another a portion of the 
opposite hemisphere was indurated.” He then, in fact, 
described a typical case of what we now call Jacksonian 
epilepsy, although he probably considered the presence of 
the tumour and induration as an accidental coincidence, 
and not the essential cause of the paroxysmal storm. In 
the same way Burlureaux (18) tells us that Parent- 
Duchatelet, Demongeret, Papavoine, Andral,.and others, 
described cases of unilateral convulsions commencing in 
the fingers and corresponding with lesions of the ascending 
frontal convolutions of the opposite side, but they were 
entirely unaware of the pathological significance of these 
lesions. 

The various forms of unilateral convulsions were first 
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discussed by Prichard in 1822, when he called them local 
convulsions. Bravais (19), in 1827, called the condition 
hemiplegic epilepsy, as he had frequently noted paralysis 
to be a sequel to the convulsion on the affected limb. 
-Eliotson (20), in 1881, designated the disease partial 
epilepsy, where only a part of the body was convulsed, so 
as to distinguish it from idiopathic epilepsy, which was 
‘more general. This term is frequently used to-day. 

-In 1861, Hughlings Jackson discussed the disease in 
the most suggestive manner, and after careful investiga- 
tion so clearly and accurately argued on the facts that he 
set on foot a train of investigation which culminated in the 
well-known researches of Fritsch, Hitzig, and Ferrier, on 
the localisation of the:motor areas in the brain. From 
that date the disease has been happily called “ Jacksonian 
Epilepsy.” 

This form of epilepsy. has a still wider nomenclature, 
according as the symptoms differ somewhat from thóse 
usually described by Hughlings Jackson, and from the 
frequent association of certain pathological conditions which 
give rise to it. 

Charcot called one form “a partial tonic epilepsy," 
where, dependent on ari organic lesion in the motor area 
of the brain, & group of muscles were in & state of tonic 
contraction, rather than in convulsion. Another form he 
designated “vibratory epilepsy," where there was, a con- 
stant shaking of the muscles affected during the tonic stage. 
A third variety he speaks of as ''l'épilepsie partielle sen- 
sorielle," where a severe ophthalmic headache accompanies 
the convulsive seizure. 

As syphilis is such a frequent cause of these convulsions 
it has been often called “syphilitic epilepsy.” Numerous 
are the writers that have approached the subject from 
this standpoint, more notably Fournier (21), Charcot (22), 
Barbier (23), and Mallet (24). Lastly, it has been termed 
by some ‘‘ apoplectiform epilepsy," because the patient, the 
subject of true Jacksonian epilepsy, had occasional apoplec- 
tiform seizures. True Jacksonian epilepsy and apoplectiform 
seizures have been known to alternate in some instances, 
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when the disease has received the name of “ congestive 
apoplexy.” 


Physiology. 


Hughlings Jackson, in his numerous writings, discussed 
the physiology and pathology of unilateral convulsions. 
Although at first he was not fortified by the results of 
physiological inquiry, he was of opinion that convulsions 
and hemiplegia were closely allied, and that the latter was 
merely the result of a more severe interference with the 
motor tract of the cerebral nervous system. Moreover, he 
: concluded that convulsions were mere symptoms—the 
result of an over-excitability of certain motor nerve-cells, 
and although he was unaware of the particular nervous 
centres that were involved, apart from the fact that he had 
frequently seen post-mortem certain brain lesions on the 
opposite side of the brain, which he considered the cause 
of the irritation of the neighbouring brain substance, he 
was confident that different Kinde of convulsions, as regards 
the part first affected, depended on irritative lesions affect- 
ing different parts of the brain cortex. In his own words, 
“a spasm beginning on one side implies local changes in 
the central nervous system as surely as one-sided palsy 
does;" and, again, “I [Hughlings Jackson] assert that 
there must of necessity be some place where the nervous 
system is diseased, or the’ spasm determined by causes 
_ acting generally would not be local." 

He considered that there were centres for the face, 
arm, and leg, and that these were irritated-in a definite 
order, just as he had noted that convulsions occurred in 
a definite order. He accordingly considered three varieties 
of convulsions:—  . . 

(1) Those beginning in the hand. 

(2) Those beginning in the face and tongue. 

(8) Those beginning in the foot. 

It was not astonishing, then, that scientific observers 
were eager to submit these views to the test of experiment. 

In Germany, Hitzig and Fritsch, and in „England 
Ferrier, at once entered the field. Ferrier, in particular, 
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experimented on monkeys, and successfully localised certain 
motor areas in the cortex cerebri. 

So indebted was he to Hughlings Jackson for the 
suggestion that led to this great research that he writes, 
“It is the great merit of Hughlings Jackson to have first 
clearly indicated the pathology of these affections” (con- 
vulsions) (25). His work on the “ Functions of the Brain," 
published in 1876, Ferrier dedicated to Hughlings Jackson, 
“who from a clinical and pathological standpoint antici- 
pated many of the more important results of recent 
experimental investigation into the functions of the cerebral 
hemispheres.” A narrative by Ferrier, giving the experi- 
mental results, appears in the Philosophical Transactions, 
and at once there were two parties formed, the one side 
sceptical, the other full of belief. 

Ferrier, however, was not the first to map out definite 
areas of the brain cortex that had to do with definite move- 
ments, for Fritsch and Hitzig (26) in 1870 discovered that 
the application of electrodes to an exposed part of the 
brain produced movements in certain parts of the body. 
There can be no doubt, however, that the results obtained 
by Ferrier were much more forcible and far-reaching than 
those of the German observers, and that they laid the basis 
of modern cerebral pathology, ao far as motor areas are 
concerned. i 

The most notable of other writers who experimented in ` 
order to definitely localise particular cortical areas for 
definite movements were Beevor, Schafer, Victor Horsley 
(27), Brown Sequard, Dupuy, and Burdon Sanderson. 

For a time medical literature was teeming with the 
records of investigations by numerous experimentalists. 
When it was known definitely that particular areas in the 
cerebral cortex existed, which, when excited produced 
convulsions of particular muscles, and when destroyed 
caused paralysis without anesthesia, clinicians and patho- 
logists were ever on the look out for the discovery of brain 
lesions in the human subject that would correspond with 
definite symptoms observed during life. These efforts were 
richly rewarded. 
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We now know that the motor cortical area consists of 
a zone forming the convolutions around the fissure of 
Rolando, with pretty accurately defined areas for leg, body, 
arm, and face from above downwards. Irritation of these 
areas causes convulsions on the opposite side, and irritation 
of an area somewhat in advance of this causes deviation 
of the head and eyes to the opposite side (see diagram 
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—Beevor and Horsley). Having discussed briefly the 
physiology of unilateral convulsions, I intend now’to make 
a few remarks on their pathology. 


Pathology. 


What is the pathological lesion, and how does this lesion 
cause irritation of the brain cortex? It has frequently 
been called the “ discharging lesion.” 

The pathological lesions may be divided into two classes : 

(1) Those that can be seen by the-naked eye. (2) Those 
that can be seen only by the highest powers of the micro- 
scope. Jt is probable that lesions may exist that cannot 
at present be seen at all, or demonstrated by any known 

_ method. 
_ Of the first class, any form of tumour, cyst, thickened 
membrane, & blood extravasation in or around the neigh- 
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bourhood of the fissure of Rolando, may cause convulsions, 
by irritation of the brain cortex. 

This. class practically includes all the forms of diseased 
brain tissue, meninges, and cranium in the region of the 
motor area of the brain. The various diseases have been 
enumerated by Rauzier (28), as follows :— 

I. Affections of bone:—(a) tumours; (b) exostosis ; 
(c) long splinter of bone. 

II. Affections of meninges :—(a) tumours; (b) exuda- 
tion, acute, subacute and chronic meningitis (c) primitive 
hemorrhages of meninges; (d) blood extravasations occur- 
ring in pachy-meningitis. l 

III. Affections of brain :—(a) Old and encapsulated 
abscesses; (b) cerebral sclerosis; (c) brain tumours; (d) 
hæmorrhagic foci; (e) ramollissement. 

He lays special stress on traumatism- and syphilis as 
causes in this form of unilateral convulsive seizure. An 
interesting table is appended by Rolland, who found that 
out of 112 cases forty-eight resulted from tumours, twenty- 
one from ramollissement, eight from traumatism, nine from 
superficial and deep aneurism, seven from cortical hæmor- 
rhages, and five from cerebral atrophy. 

The second class includes conditions in which there is 
possibly a change in the shape, size and number of the 
motor cells; or possibly from the help of modern histo- 
logical methods of staining, & change may be detected in 
the protoplasmic substances of the brain cells; or the 
formation of a fatty substance around these cells; or 
possibly an interruption in the nerve fibres that proceed ' 
from these cells. There may be a minute change in the 
small arteries and veins that traverse the part—an arterio- 
sclerosis. The origin or cause of these changed states of 
brain tissue is still obscure, but we must not overlook the 
fact that such minute changes in the motor area of the 
brain have been recognised with well-defined unilateral 
convulsions. 

A greater puzzle in regard to the patologa signifi- 
cance occurs in certain cases where convulsions have been 
unilateral; and from a clinical standpoint- entirely in ` 
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harmony: with the convulsions described by Hughlings 
Jackson, and yet have presented no cerebral changes that 
could be discovered even’ by the highest powers of the 
microscope. These cases have been described as func- 
tional, but on physiological grounds we may hold that 
where there are well-defined unilateral convulsions there 
. is in all probability a local lesion. Possibly, however, the 
disturbance may be of a chemical nature. 

We yet know but little of the chemical constitution of 
a nerve cell, or of the chemical phenomena happening in it. 
One can conceive that an altered metabolism, and an altered 
nutrition or change in chemical state or chemical PUR 
may produce marked change in function. 

Those belonging to the first class (including cana, 
&c.), then, produce convulsions of the opposite side of the 
body by irritating the surrounding nerve-substance by their 
presence. It may be by pressure on the brain substance 
direct, or on the small vessels: or it may be by causing 
an inflammation. The surrounding cells are in a state of 
tension, and when this is sufficiently high there is what 
may be called a molecular explosion. This view is borne 
out by Hughlings Jackson and Charcot; and, moreover, 
they consider that the paralysis resulting is in consequence 
of the weakened and exhausted state of these motor -cells 
after the explosion has taken place. 

It is difficult to.argue out the pathology of those Geer 
ing to the second class (with only microscopical .changes, 
&c.), unless' we uphold a chemical theory. Hughlings 
Jackson has expounded a view bearing on this subject 
which I will quote: ‘‘ Speaking in chemical language, the 
highly unstable grey matter of disease remains of the same 
constitution as the comparatively stable grey matter of 
health, but that itis of a different composition; and a 
further speculation is that the phosphorous ingredient is 
replaced by its congener nitrogen—that the nervous matter 
i8 more nitrogenised, and therefore more explosive" (29). 
In support of this view it may be pointed out that artificial 
` explosives like gun cotton, nitro glycerine, and prussic acid, 
~ always contain a loosely combined molecule of NO, The 
presence of the nitrogen molecule implies instability. 
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. The actual convulsion is frequently set agoing by some 
peripheral irritation, or disease of the abdominal or thoracic 
organs. It may be that certain poisons are circulating in 
the blood, which either pick out the motor area and cause 
convulsions, or more probably by producing a pathological 
change in the brain tissue or its vessels. It is easy to 
understand how these poisons would produce convulsions 
by acting reflexly, provided that an organic lesion is already 
present; but if no such lesion exists, it is difficult to 
conceive of a poison picking out the motor area more 
especially, and consequently producing convulsions. 

Still, writers have considered that poisons, such as 
alcohol (80), lead (31), and urea (82) in uremia are capable 
of selecting one motor area, and of producing typical 
‘unilateral -convulsions. TUN have called these “toxic 
epilepsies.” 

With these MT on the history, physiology, and 
pathology. of Jacksonian epilepsy, I shall now proceed to 
a description of a case, which I take to be one of this type 
of disease, although in many points it is not typical. I 
shall endeavour after its description to enter into a short 
discussion on its more important and interesting features. 


E. McG., aged 88, a housewife, was admitted into the wards . 
of the Western Infirmary on May 26, 1897, complaining of 
** fita." 

History of Present Illness. Patient appears to have been’ 
free from any nervous disorder until a year ago, when, without 
warning, she fell down, lost consciousness, and remained for 
twenty minutes in what her friends called a fit. There was no 
return of “fits” until six months afterwards, when she again 
had an “attack” described by her friends as quite similar to 
the first. After this, the fits occurred pretty frequently, lasted 
from fifteen to twenty minutes, and in all of which she was 
totally unconscious. Three months ago, after one of these 
“ attacks,” she remained unconscious for five days, and during 
which time there ocourred twenty fits (as informed by her 
friends), while, on regaining consciousness, she found there was 
considerable weakness of the right arm and leg. 

She remained then free from the fits for six weeks, when a 
fit of a different kind developed, which recurred almost every 
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ten minutes, and which, she says, corresponds almost entirely 
with those occurring at present. With these latter fits there 
is no loss of consciousness, but while it lasts, and indeed for 
some time afterwards, she loses the power of speech, Occa- 
sionally before the commencement of the fit she has a strange 
sensation in the throat. She notices that the head is drawn 
over to the right side, and that the arm and leg of the right 
side are thrown into violent jorking movements. They last only 
for one to two minutes. Apart from these fits she feels very 
well. The paresis which resulted some three months ago soon 
disappeared, and she can now walk perfectly and can use the 
right arm and hand as freely, she thinks, as the left. 

She has never complained of ophthalmic headache, nor of any 
painful spot on any part of the cranium. Her digestion is good, and 
the bowels act regularly. She feels that she would sleep well if 
it were not for the “fits.” Her eyesight is perfectly good. She | 
has no abdominal pain, and no swelling of any part of the body. 
The urine is passed regularly, and she has not considered it 
unusual either in respect to its quantity or.colour. During the 
fits she passes neither urine nor fæces into bed. 

History of previous health. Patient has been a remarkably 
healthy woman, and apart from a pretty severe attack of rheu- 
matism complicated with pleurisy, which occurred seven years 
ago, she does not remember having had a day’s illness until the 
present trouble began. 

Family history. There is a distinctly tubercular history 
manifested, as her father and sister, and apparently her mother 
also, died of phthisis pnimonalis. She has three brothers and 
three sisters alive and well, No history of insanity or nervous 
disorder of any kind. 

Habits. She is married, but has had no children nor mis- 
carriages. She denies having had any venereal disease, although 
she remarked that at one time her hair fell out very . freely. 
There was no other indication, however, of any syphilitic taint. 

Present condition. Patient is well nourished, and though 
somewhat pallid, to all appearances looks in ordinary health. 
There is no lack of adipose tissue, and the muscles are in no 
way atrophied or flabby. There is, however, a want of intellec- 
tual brightness in the eyes. The expression is dull and torpid, 
and she is slow in answering questions. There is no mental 
defect. 

The pupils are equal, circular, slightly dilated, but respond 
correctly to light and in accommodation. The tongue is dry, 
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and deeply fissured transversely—it is protruded in the middle 
liue. Temperature is 97.8? Fah. Pulse is soft, easily com- 
pressible, and numbering 114 in the minute. There is no edema 
of any part. 

Heart is normal ag regards percussion and ausculation. 

Lungs are practically normal, although a few fine rales are 
heard at the bases, which accounts for a temporary cough and 
expectoration which at present exist. Nothing of note is 
discovered in the Abdomen. No movable or enlarged kidney ; 
splenic and hepatic areas of dulness are within’ normal limits. 

Urine is of average quantity, of a dark amber colour; acid 
reaction; faint mucous deposit; specific gravity 1022; no trace 
of either albumen, sugar, or blood; microscopical examination 
discovered a few mucous cells. 

While the above report was being written, patient was seized 
with unilateral convulsions, which occurred &lmost every eight 
to ten minutes. They were all almost identical in their nature, 
they lasted from one and a half to two and a half minutes; com- 
menced almost invariably with a twitching of the small muscles 

, on the right side of the face (nob entirely limited to this side 
however); there was then conjugate deviation of the eyes and 
face to the right side, shortly afterwards, bu& in some cases 
‘almost simultaneously with this deviation, a complicated move- 
ment of the right hand and arm commenced. All the fingers, 
except the first, are flexed at the metacarpo-phalangeal joints, 
while the terminal phalanges are in extension. The index 
finger thus assumes the pointing position. There is then a 
slight twisting movement at the wrist, the forearm is next slowly 
pronated and slightly flexed on the arm. During this period, 
patient frequently mutters to herself.’ The right leg becomes 
likewise slightly flexed at the knee joint. 

This portion of the attack takes from twenty to thirty seconds 
when the clonic stage commences, t.e., convulsions proper. There 
are twitchings of the muscles of the face to a slight extent, 
chiefly those of the mouth, but almost immediately there are . 
clonic spasms of the muscles of the fingers and thumb of the 
right hand, then of the whole forearm and arm, so that the 
right upper limb is thrown into a series of irregular jerking 
movements. A few seconds after tbe onset of the convulsive, 
seizure in the arm, the right leg gets convulsed, and is also 
thrown about in an irregular fashion. At first the convulsion 

‘affects the right. side alone, but soon after the left arm is slightly 

affected. 
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The convulsive seizure commences quietly, but the move- 
ments gradually become more intense, reach a maximum, and 
then gradually subside, ' 

The left arm, when affected in the attack, ceases to be 
convulsed first, then the. right leg, then the arm, and finally 
the head and eyes rotate backwards into their normal position. 

This description, I think, bears out pretty accurately what 
ocourred, although in some fits there were slight modifications. 
For example, the movements of the arm seemed in some 
instances to precede the twitching of the muscles of the face, 
and conjugate deviation of the face and eyes to the right side. 
Still, I feel sure that in the majority of the fits, the face was 
first affected, then the arm, and finally the leg, although I have 
said that in some the arm appeared to be first affected, then 
the face, and lastly the leg. 

The left arm, on occasions, did take part in the movements, 
but still, these were not of a convulsive nature, at least they 
did not correspond at all to those of the right. 

The right arm was the part which, undoubtedly, took the 
greatest share in the convulsive seizure. She was perfectly 
conscious during the attack, but she could not speak. On 
occasions I asked ber questions during the attack and she 
frequently said “yes,” but this was the only word that could 
be got from her. 

Two minutes after the E of the convulsive seizure 
she was able to talk quite distinctly and fluently, although 
slowly. During this attack the pupils dilated somewhat; 
the conjunctival reflex was never abolished; respiration and 
pulse rate increased in frequency; urine and fæces were not 
involuntarily evacuated. 

She seemed to have no warning, other than a “ gurgling 
sensation” in the throat. There was no scream, and no biting 
of the tongue or foaming at the mouth. 

I could. discover no parests of the muscles of the face, arm, hand, 
leg or foot. Sensation was normal. Knee-jerks present, but not 
exaggerated. No pain on pressure of muscles, or along course 
of nerve trunks. No pain on palpation or percussion of zd 
head. 

The circumstances of interest were noted in the' EN 
from time to time, and I shall summarise them here. 

May 27,1897 (day after admigsion).—To-day, the day after 
her admission into hospital, patient informed me that she could 
not move her right arm or leg. She discovered this herself acci- 


454 ORIGINAL ARTICLES AND OLINICAL CASES 


dentally after one of the fits. The nurses said that the fits had 
just been of the usual kind, and had occurred every ten minutes 
on an average. I know that she never lost consciousness, but I 
am entirely unaware at what time the paralysis set in, and 
whether it was gradual or sudden. The arm and leg lay help- 
lessly by the side. There was no loss of sensation, but she failed 
to distinguish the difference between the point of the finger and 
point of a pin on the right side. Apart from this paralytic condi- 
tion of the right arm and leg, and to a slight extent of the right 
lower muscles of the face, she had no other unusual symptom. 
Speech was only affected during and immediately after the 
convulsions. 

June 2 (seven days after admission).—Fits still persist almost 
as frequently as above noted. She can, however, now move the 
right foot slightly, although she fails at any attempt to move the 
right arm or hand. 

June 9 (fourteen days after admission) —Since last note fits 
have gradually become less frequent. She has been taking large 
. doses of bromide of potassium and the syrup of chloral hydrate. 

Reactions to faradism, both as regards sensation and muscular 
contraction, are similar on the two sides. 

The right leg can be moved with ease; the right arm not 
at all. 

June 10 (fifteen days after admission).—A recurrence of fits, 
of milder degree than those noted before, when the face and 
arm of the right side alone shared in the convulsive storm. 

The right leg and left side of the body were in no way affected. 
The right hand and arm were undoubtedly the centres of the con- 
vulsive storm in each case, whereas the twitching of the muscles 
of the face and conjugate deviation of the head and eyes to the 
right side were less constantly present. The movements of the 
‘right arm and fingers of the right hand correspond entirely with 
the description given above. 

The right arm and hand are completely paralysed; the right 
leg and foot can be readily moved. No anesthesia, but distinct 
analgesia of the right side of the body. 

June 12 (seventeen days after admission).—Since the 10th 
patient has had large doses of KI., KBr., and Am. Br., with the 
result that these milder fits above mentioned soon disappeared, 
She has had no fit since the night of the 10th. 

The right leg bas regained so much power that she to-day 
endeavoured to walk a little, with assistance, in the ward. She 
can now move the fingers of the right hand, and elevate the arm 
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ab the shoulder. No albumen in the wrine. Patient feels very 
well. 

June 24 (twenty-nine days after admission).—Improvement 
has been steadily progressive. She walks in the ward every day, 
and the power of the right hand and arm is rapidly returning. 
No return of fits. Urine normal. 

July 1 (thirty-six days after admission).—There is only a slight 
difference manifest in walking as regards the lower limbs, but it 
is evident that there is still a slight amount of analgesia of the 
right limbs. Tactile sensibility is normal. 

At the tip of the second finger in the two hands the distance 
by Weber’s test is from ‘3 to Dom, Fundus of both eyes found 
to be normal. 

July 5 (forty days after admission).—Field of vision was tested 
to-day by means of the perimeter, and found practically correct 
on the two sides. t : 

Chart of visual fields of both eyes :— 





July 8 (forty-three days after admission).—To-day patient 
became sick, and she could not answer questions. On examina- 
tion it was found that she failed to move the left arm. The right 
arm, which was originally paralysed, she moved quite readily. 
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July 9 (forty-four days after admission).—All signs of paresis 
-of left arm gone. 

July 10 (forty-five days after admission)—To-day there was 
@ recurrence of the old fite—of exactly similar nature, but which 
lasted longer. : 

July 14 (forty-nine days after admission).—Patient has been 
menstruating for the last four days, and during which time she ` 
has had from eight to nine fits. On the 12th and 18th the fits 
resembled more the ** Idiopathic ” epileptic nature. 

There was conjugate deviation of head and eyes to the right 
side, followed first by unilateral convulsions of the right side, 
which, however, soon after became general. The breathing was 
stertorous; the face livid; there was foaming at the mouth, and ' 
slight bleeding from the tongue and gums. She was quite well 

"in from two to three minutes after coming out of the fit, and she | 
had no drowsy stage, and no loss of control over the "adder and 
rectum. AME 

July 28 (fifty-eight days after admission).—Patient has had 
no fits for over a week. Paralysis has almost gone, as she can 
"walk perfectly, and perform the act of writing with apparent ease. 

She was dismissed to-day well. ' 

August 6.—Patient had been advised to return to hospital 
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during her next menstrual period, and so presented herself to-day. 
Since last dismissal she has been well. 

August 10.—To-day with the right hand she turned the scale 
of the dynamometer to 85, and with the left to 55. She has 
had no fits, but she has been kept well under the action of the 
bromides. ` 

Dismissed to-day well. 

December 23, 1898.— To-day, over sixteen months having 
elapsed since she was last dismissed from hospital, patient was 
brought to the infirmary by her friends in a speechless and 
semi-unconscious condition. 

The following history was given us by her friends :—It appears 
that from the time of her dismissal until yesterday, December 22, 
she remained to all appearance in perfect health, free from fits, 
and able to attend to her duties. l 

During this time she suffered neither from headaches, vomit- 
ing, pain after food, palpitation, breathlessness, dropsy of any 
part, pain in the abdomen, disorder of the bowels, retention or 
suppression of urine, or frequency of micturition ; in fact, her 
friends state emphatically that she complained of nothing. Her 
appetite was good, and, indeed, as reported by Dr. Hutton, 
“ might have been justly characterised as ravenous, particularly 
for nitrogenous food.” 

Although she appeared somewhat stupid on December 22, she 
took her dinner and supper heartily, and went to bed. She had 
had no shiver, or anything to have suggested the onset of an 
acute illness. At 2 a.m. on the morning of December 23 she was 
found to be in a fit, livid, and with “jerking movements of the 
right arm and leg, and snapping of the jaw.” These convulsive 
seizures occurred very frequently, but her friends cannot say 
definitely how many she had. They were similar tio those that 
occurred sixteen months ago. She was brought up to hospital at 
6 p.m. on December 28. 

A careful description of the fits was made at the bedside, 
and the following summary may be said to include all that 
occurred :—The convulsions were unilateral, confined to the 
right side, ¢dthough’ in one fit the muscles of the face and arm of 
the left side appeared to participate in the spasm. The eyes first 
rotated to the right side, with nystagmus-like movements of the 
eyeballs; then the head rotated to the same side, with slight 
clonic movements, more especially of the levator labii superiors 
and zygomaties of the same side. The right arm was next, 
affected, apparently in an almost identical manner to that fully 
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described above, and lastly the right leg. Between the spasms 
she is apparently conscious, as she endeavours with the left hand 
to cover herself with the blankets. She cannot speak. The 
pupils are contracted, but equal. She is rather pale, but there is 
no puffiness of the face, although there is slight pitting on pres- 
sure over the tibie. No glandular enlargement. 

Temperature is 101-4°, pulse soft, rapid, and numbering 142 
per minute. Respirations are 82 in the minute. There is occa- 
sionally a period of respiration somewhat akin to the Cheyne- 
Stokes type. There is a distinct paralysis of the muscles of the 
face on the right side, and complete paralysis of the muscles of the 
right arm and leg. Plantar reflex is absent on the right side; 
knee-jerks are absent, and there is no ankle clonus. 

There is complete anesthesia of the right side of the body, and 
partial anesthesia of the left arm. Heart and abdomen normal. 
Apart from a few rales at the extreme bases of the lungs (which 
were noted on last admission), these organs are likewise normal. 

All the objective and subjective symptoms of the above report 
correspond pretty well with the report of her previous admission, 
but we have still to examine the urine, where we find proof of an 
acute affection of the kidneys. The first specimen examined 
contained albumen to the extent of ‘1 per cent., urea 6 grs. to 
1 oz. blood, a sediment which showed the presence of blood 
cells, epithelial tube casts, and uric acid crystals. The second 
specimen drawn off by catheter on the following morning, De- 
cember 24, the day of her death, showed albumen to extent of 
‘9 per cent., a large quantity of blood, abundant epithelial, and 
other tube casts. ~ 

Hypodermie injections of pilocarpine were tried with only 
temporary benefit, and patient gradually passed into a condition 
resembling the ‘status epilepticus,” and died at 3.50 p.m., 
December 24, 1898, after a two days’ illness. . 

The temperature gradually rose after her admission, and 
shortly before her death it was recorded as 104? F. 

A post-mortem examination was made, the results of which are 
briefly as follows :— 

The heart is somewhat fatty, but there is no insufficiency of 
the valves. 

The lungs are non-adherent, but considerably cdematous, 
Spleen and liver are large and soft with post-mortem staining. 
Stomach, intestines and pancreas are normal. 

The brain is superficially congested posteriorly (post mortem). 
Its substance shows nothing abnormal. Dr. Dittmar in his report 





Photomicrograph of section from right motor area. 
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says: '' There is nothing unusual in the appearance of the micro- 
scopical sections which I have prepared from both motor areas 
of the brain—if anything there appears to be a preponderance 
of capillaries in that of the right side.” 

The kidneys present appearances of an acute cortical neph- 
ritis, accompanied by profuse desquamation and destruction of 
epithelium. The adrenals, ureters and bladder are normal. 


I have described this case as fully as possible, in order 
that the various points of interest and difficulty with regard 
to its probable pathology and diagnosis may be criticised, 
and I shall now shortly discuss some of the problems that 
presented themselves under the headings of symptoms, 
diagnosis, etiology and pathology. 


SYMPTOMS. 


Each fit was almost invariably ushered in by (1) con- 
jugate deviation of the eyes and head to the right side. 
The axes of the eyeballs remained absolutely parallel. The 
movement was gradual, and free from any spasmodic 
jerking; moreover, there was definite precision in the 
commencement of rotation of both eyes and head. We 
know from the writings of Broadbent (83), Ross (34), and 
Gowers (85), how this symptom depends on some change 
in the opposite side of the brain, frequently produced by & 
hemorrhage. If the muscles of the side opposite to the 
lesion are paralysed, then the antagonistic muscles draw 
both eyes and head to the non-paralysed side, t.e., the head 
turns, and the eyes look towards the side of the lesion. 
However, if there is an irritation of one motor area, or 
rather of that portion of the cerebral cortex that has to do 
with the lateral deviation of the eyes and head, then the 
muscles of the side opposite to the lesion contract, and 
cause rotation of the eyes and head to the paralysed side, 
Zë, the head turns away, and the eyes look from the lesion. 
In this case, there was probably-an irritation of that area 
which lies immediately in front of the truly motor zone 
(see diagram of Beevor and Horsley), and, as & result, the 
nucleus of the sixth nerve of the right side was irritated, 
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which produced contraction of the right external rectus, 
directly and indirectly, through the communicating fibres 
from this nucleus to the third nerve and spinal accessory 
of the opposite side, produced contraction of the left internal 
rectus, and left sterno-mastoid, although the right inferior 
oblique muscle (as described by Ross) also probably con- 
tracted. I consider that this area was the first to become 
irritated, and, owing to its physiological situation, this fact 
accounted for the convulsive seizures that depended on 
‘irritation of the neighbouring areas for the face and upper 
extremity. There was never any sign of paralysis of the 
orbital muscles, as is frequently the case from certain brain 
tumours. 

(2) Hemiplegia occurred, not as is usually described by 
Hughlings Jackson, but in an irregular fashion, and with 
apparent suddenness. As we have above noted, hemiplegia , 
after unilateral convulsions depends upon the weakened 
state of certain motor nerve cells after the explosion, which 
produced: the convulsions, had taken place. One would 
expect to have a gradual hemiplegia resulting from a 
gradual exhaustibility of the motor cells due to frequent 
explosions of nerve energy. In this case we must consider 
the form of epilepsy as one. of the apoplectiform or con-. 
gestive type. The history obtained from patient's friends 
‘tells us of the suddenness of the onset of fits, the period 
of over a week's unconsciousness, the resulting hemiplegia 
of the right side of the body—on her admission we observed 
the occurrence of numerous fits with no evidences of 
hemiplegia, but, on the day following, the development of 
paralysis of the right arm and leg-—and, again, on her last 
admission, we noted hemiplegia with paralysis of the lower 
muscles of the face on the right side. 

It is not likely that in this case there were actual hemor- 
rhages in the cerebral cortex, as there would have been evi- 
dences post mortem. It is quite probable that after a more 
severe convulsive attack, the vessels in the neighbourhood 
of the left motor area became contracted, and a congestion 
resulted, allowing of & greater disturbance to the nutrition 
of these motor nerve cells. 
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. It is difficult to account for the very fleeting paralysis of . 
the left arm that'occurred on one occasion, as’ this was ae 
ceded by no convulsive attack. , 

(3) Aphasia occurred shortly after the commencement 
of each fit, and lasted, as a rule, for two minutes after ‘the 
cessation of the convulsive seizure. ` Aphasia, as has been 
graphically described by Hughlings Jackson, occurs almost 
invariably when the spasm begins in the right side of the 
body. In this case, the defect of speech was not due to . 
difficulty of articulation, depending on paralysis of the labial 
muscles, but was from & true aphasia, the result of some 
‘change in the speech-producing centre on the left side of 
the brain. 

Todd, i in his lectures on Diseases of the Nervous System 
(lecture xv.), says :—'' There is a peculiar class of cases of 
epileptic hemiplegia, in which ‘the exciting cause of the 
epileptic fit at the same time damages or greatly injures 
voluntary power and speech.” A factor in support of the 
view which I have expressed above, that the convulsive 
storm appeared almost invariably to start in the face, is the 
fact that Hughlings Jackson observed that aphasia fre- 
quently, occurred when the face was first affected, but rarely 
"when the convulsion commenced in the arm or leg. 

An interesting case is reported by Sorel (36), where the 
symptoms were in many respects similar to the one at 
present under consideration. In Sorel’s case the convul- 
sions started in the face, but were preceded by conjugate 
deviation of the eyes and head. There was also aphasia. 
This transitory aphasia has been noted also by Audrey, 
Weber, Brown Sequard, and others. 

(4) Loss of consciousness is rarely present in true Jack- 
sonian epilepsy, and the victim of these convulsive seizures 
can, as 'a rule, describe accurately the general march of the 
storm, and repeat the various events that happened during 


` ` the attack. Apart from her severe illness at the commence- 


ment of the disease, when her friends described her as 
‘unconscious for a week, and apart from her condition 
towards the end of her illness, which resembled the status 
eptlepticus, she was perfectly conscious during all the con- 
vülsive seizures. ` 
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(b) Disturbances of sensation, are rare accompaniments 
of Jacksonian ‘epilepsy, whether there is post-epileptoid 
paralysis or not. I think one of the most important and 
interesting features of this case was the presence of anal- 
gesia of the right leg, and less markedly of thé right arm, 
during most of her illness, and the complete anesthesia of 
the whole right side of the arm and leg during the latter 
' days of patient's life. 

We know that anmsthesia does occur in some forms of 
Jacksonian epilepsy, depending on & gyphilitic affection, but 
.in these cases it is disseminated, occurring in patches over 
the backs of the hands, and perhaps outer aspects of the leg 
(Fournier, Barbier). But, in this case; we had no definite 
history of syphilis, and certainly post mortem there were no 
changes at all suggesting such a ‘condition. 

. ‘The question of anesthesia and analgesia in relation to 
cerebral localisation has been put to experimental test by 
Ferrier, Schäfer, Horsley, and Yeo. All experiments show 
that destruction of the motor areas of the brain, however 
extensive, does not produce either anesthesia or analgesia. 
These observers have found that the cerebral centres for 
such sensations lie in the hippocampal and inferior temporal 
regions, and also in thé gyrus fornicatus. ' 

I consider that in this case, the presence of analgesia, 
' and anesthesia shortly before death, depended most probably 
on certain changes that had taken place in the communi- 
cating fibres that connected the tactile centres with those of 
‘the motor region. Few cases are recorded where anssthesia 
was present with unilateral convulsions, but one described ` 
by Broadbent (87) is of great interest. He records a case of 
epileptoid convulsions with hemi-antesthesia, and in dis- 
cussing the case, he says:—‘ Another ‘very interesting 
. feature in the case was the loss of sensation, which for a 
time was absolute in the right hand and arm, and well 
marked, though not complete in the body and leg of the 
same side.” As this patient was cured under: large doses of 
iodide of potassium, it is possible that this case belonged to 
the syphilitic gtoup, where convulsions and anmsthesia have , 
been frequently recorded. 
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DIAGNOSIS. 


Whenever convulsions are unilateral, occurring seldom, 
and it may be in rapid succession, where definite parts of . 
the body are affected, and where the convulsive storm is 
ushered .in by the contraction of a particular group of 
muscles, with no loss of consciousness, at any rate at the 
commencement of the spasm, then we are dealing with & 
cise of Jacksonian epilepsy. It matters little what the 
cause may be. The essential feature in such cases is the 
fact that a particular motor area, or only a portion of it, 
is irritated. So that, if in hysteria, when we speak of a 
functional state, definite unilateral convulsions exist, the 
_case is one of Jacksonian epilepsy, provided that the seizures 
‘are not feigned. 

Again, if in uremia the convulsions are unilateral and 
consequently depend on irritation of the motor ares by 
urinary elements, the same diagnosis may be arrived at. 
The two sets of cases might be talked of as hysterical and 
uremic convulsions, assuming the Jacksonian type. 

Still, other symptoms being taken into account, we are 
able to distinguish the disease from others, more especially 
from hysteria, true epilepsy, hystero-epilepsy, and uremia. 

. (a) Hysteria.—In very few respects did our patient's 
condition present the characters of the ‘ hysterical attack.” 

"There was no emotional utterance before the seizure— 
no sudden falling to the ground with feigned loss of 
consciousness—no subsequent coma and fits of laughing 
and crying. There was no drooping of the eyelids. There 
was, however, hemiplegia and sensory disturbance, affec- 
` tions which are frequently present in hysterical patients, 
but in such cases one never meets with convulsions which 
pursue an almost exact course in each seizure, as in the 
present case. 

, (b) True epilepsy Although m one time the fits more 
ce resembled the truly epileptic nature, as & rule they 

largely differed from them. There was no history of 
` epilepsy or other neurotic disease in the family—patient 
had had no convulsions or fits as a child—unconsciousness 
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practically never existed—there was rarely biting of the 
tongue, and at no time was there loss of control over the 
‘bladder and rectum. Moreover, the fits were localised, and 
were almost invariably unilateral. On one or two occasions, 
due to the severity of the storm, the left arm participated 
in the attact, but the fits may be definitely said to have 
` never been general, “In four minutes or so after the seizure 
she was well. 

(c) Hystero-epilepsy.—Charcot (88) in one of his lectures 
describes this disease as.one of a truly hysterical nature, 
but which assumes, owing to the’ severity of the hysteria, 

.&n epileptoid condition. He entirely dismisses the theories 
that have been suggested of an admixture of the two 
diseases, hysteria and epilepsy. If this be correct, then we 
are at a loss as to the cause of the irritation that produces 
the epileptoid. attacks. 

In hysterical patients there may be a “functional | 
neurosis,” but this functional neurosis implies, on physio- 
logical grounds, change (it may be temporary) of nerve 
elements. However, in hystero-epilepsy, the convulsions 
correspond to the idiopathic epileptic type, and are not 
localised as in Jacksonian epilepsy. 

Besides, there is, as a rule the hysterical crying at the 

commencement of, and the cataleptic state after, the con- 
vulsion. Although we are not aware of the change that 
_occurs in the brain as a result of hysteria, it is quite within 
the range of possibility that hysteria, which may assume 
the truly epileptic nature by disturbance of the whole 
cerebrum, may as readily assume the Jacksonian type by 
irritating one motor area. Such a disease might well be 
called Hystero-Jacksonian epilepsy. 

By this term, however, I intend to denote hysteria as 
the primary disease with, as a sequel, irritation of one: 
motor area from some nerve change, the cause of which 
is as yet unfathomed. At the same time, I fail to see why 
one motor area could be so isolated. 

It is easy to distinguish Jacksonian epilepsy from the 
hystero-epilepsy of Charcot, but when we endeavour to 
distinguish it from the disease which I have, designated as 
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hystero-Jacksonian ‘epilepsy, it is more difficult, especially 
. when we consider certain points in the history, and 
symptoms of our: patient, and the absence of any macro- 
scopic or microscopic change in the motor zone. 

I do not, however, uphold the idea of hysteria as the 
essential disease in this case; but whether hysteria be an 
element in the.case or not, it matters little, for the disease 

' is one of Jacksonian epilepsy, whatever be the cause. 

. (d) Uremia.—We are aware that in certain forms of 
Bright’s disease, the first symptoms are ushered in by 
convulsions. They may be epileptic in character, and 
indeed well localised and unilateral (89). 

Had the disease in the present case detida on & 
chronic nephritis, no symptoms of which' had presented 
themselves when the convulsions began, there would almost 
assuredly have been the development of symptoms during 
the long interval that elapsed between her second and 
last admission into hospital. Although the convulsions in 
uremia at times do resemble. Jacksonian epilepsy, and 
_ although French writers discuss a toxic epilepsy depending 
on the action of the urinary elements on one, motor area, 
as & rule the convulsious are less accurately defined, and do 
not pursue the course that has beer described. 

The only place that we can give to uremia is in the 
latter stages of patient's life, when an acute nephritis 
developed, these urinary elements acting on the already 
changed or susceptible motor area of the brain. 


, ZErionoay AND PATHÓLOGY.. 


Had there isan any macroscopical or even microscopical 
change in the left motor area of the cerebrum, it would 
have been an easy matter to discuss the stiology and 
pathology of’ this case. The accompanying photomicro- 
graphs and report by Dr. Dittmar on the histological 
appearances negative any such change. "For this reason 
the case is all the more interesting, even though any 
theories or views that may be advanced are speculative. 

That the left motor area of the brain was irritated; and 
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at certain times Geer E so, is a fact that must be Ki 
accepted. 

The, symptoms ‘that presented themselves were in all 
respects in harmony with our knowledge of unilateral 
convulsions depending on an irritation starting at & definite 
point in the motor area, and spreading from that region to 
the parts around in definite order. The irritation started in 
the area ‘for lateral deviation of the eyes and head, passed . 
across to the centre for the face, interfering with the com- 
münicating fibres that had to do with tactile sensibility and ~ 
the speech-producing centre, then passed up the fissure of 
Rolando to the centre for the arm, and then for the leg. 

As there was no tumour, change in walls of arteries, 
cicatrisation, or evidence of ramollissement present, we 
must fall back on'one of two theories as the-cause of the 
convulsive seizures, the one vaso-motor, the other chemical. 
The first: of ‘these would account for the apoplectiform 
nature of certain of the fits, due probably to a contraction 
` of some of the smaller arteries producing & congestion of 
, the surrounding neuroglia ; this might ¢ause effusion which 

disappeared again by absorption, ‘and left no trace post 
mortem. 

The other theory, chemical in nature, has been already 
described in: the remarks at the commencement of this 
paper on the- general pathology of Jacksonian epilepsy. 
Hither of these theories is possibly correct, and yet it is 
difficult to’ conceive why in both, instances there should be 
vaso-motor and chemical disturbances in so localised an 
area. . 

Granted then that from either of these causes, or 
possibly from some other, the left motor zone, or part of it, 
18 changed in nervous structure, or rendered susceptible, 
it is easy to understand the remaining difficulties that 
presented themselves. The convulsions ceased after a time, 
and were set agoing by the next menstrual period. This 
then might be an exciting cause which acted reflexly on the. 
previously changed or susceptible area. 

We might possibly have a reflex Jacksonian epilepsy 
in this instance. But after over a year's cessation of the 
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fits, and owing to the occurrence of an acute nephritis and 
the absorption of urinary elements into the blood, a toxic 
Jacksonian epilepsy occurred, depending on the action of 
these elements on the old standing’ susceptible left motor 
area of the brain. ` 


(1) 


(2) 
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A CASE OF NARCOLEPSY. 


BY JOHN MOGEE MACCORMAO, M.D. 


Honorary Physician to the Victoria Hospital for Diseases of the SNEVEOUMT 
System, Belfast. o 


` As classical cases of narcolepsy are rare, I think the 
following one is x interest, more especially since a y definite 
“exciting cause ” seems to have existed.. 


The patient, Mary M., aged 27, came to the Victoria Hospital 
for Diseases of the Nervous System, Belfast, on June 1, 1898, 
when the following history was obtained :— ; 

Her parents and brothers and sisters are all healthy. She is 
a weaver by trade, and lived in the country until eleven years ago, 
and enjoyed good health up to about four years ago, when she had " 
ten teeth extracted at one sitting without an anmethetic. Imme- 
diately after this operation she commenced to feel unusually 
sleepy in the evenings, and soon afterwards began to sleep at 
her work, the sleep generally lasting from three to ten minutes 
at à time, and sometimes longer unless awakened. This sleep 
would overcome her under the most varied circumstances, and 
she found herself quite unable to prevent it. Between the 
attacks of sleep, which came on without warning, she felt quite 
clear, but complained of being more easily tired than natural. 
Dos some months after the extraction of the teeth she suffered 
from lightness in the head, with peculiar sensations passing over 
it from front to back, but these symptoms afterwards entirely 
disappeared. 

On examination of the rates all'the organs of the body were 
apparently healthy. She appeared mentally and physically, 
lethargic, and walked slowly with a slight stoop. She had a - 
heavy‘and rather sad expression, and her features were somewhat 
puffy. She slept from seven to eight hours per night. 

The following notes were afterwards taken :— 

March, 1899.—The patient has steadily improved, especially 
during the last six months, the sleeping attacks having decreased 
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` from about twelve or more a day to one, and sometimes there is ' 
perfect freedom from them for one, two, or even three days. She 
looks brighter, and the expression is.more natural. , 

May.—The patient has not attended the hospital for some 
weeks, and the sleeping attacks have become much more frequent 
again. Since the last notes the es has lost her gether, and 
has had other worries. . ; 

June.—Much improved apes 

Treatment.—The medicines which seemed to act best were 
‘phosphate of iron, sulphate of quinine, tincture of nux vomica, 
, and nitro-glyeerine. She has had galvanism applied three or four 
times & week, a current of one milliampere being allowed to flow 
through the head from before back for three minutes a a time. 
She was ordered nutritious and easily digestible dietary, moderate 
exercise, and as much fresh air as possible. 


I think we have here a typical case of Ed 
evidenced by the persistency to fall asleep twelve or fourteen 
times daily, the ease with which the patient was awakened,’ 
and the complete consciousness during the intervals. : 

No symptoms pointing to hysteria or epilepsy were 
present, and the attacks of sleep resembled in all respects 
“natural sleep " ; the face remaining unaltered:in colour, the 
sleep lasting for several minutes and often longer, and the 

‘patient being quite easily awakened into complete con- 
‘sciousness. s 


' 


PROCEEDINGS OF, THE NEUROLOGICAL 
SOOIETY OF LONDON. 


Am the Clinical Meeting held on October 26, 1899, at 8.30 
pm. in the Medical Society’s Rooms, 11, Chandos Street, the 
ollowing cases were shown:— . 

_ Dr.J. A. Courrs and Dr. A. M. Gossaax.— Unusual cases of 
paralysis of acute onset occurring in brother and sister. 

(1) A girl, aged 5, while at Margate was suddenly attacked 
with general loss of power. On examination there was: paralysis 
of all limbs and of the trunk, with general ansesthesia. ' No loss 
of power in face, tongue, diaphragm, muscles of deglutition, or 
in sphincters. Eye muscles also unaffected. Pain and tender- 
ness in the course of peripheral. nerves. Subsequent gradual 
recovery, except in the muscles of one shoulder. 

(2) Her brother, aged 8, was attacked one week later after 
return to London, The general condition was exacily the same 
as that of his sister, except that there was no anssthesia, and 
that the paralysis was less complete and did not last so long. 

' Recovery was almost complete with the exception of the muscles 
of one shoulder. 

Dr. James TAYLOR. —-A case of myopathy of the Landousy- 

' Dejerine type. 

The patient was a woman, aged 20 years. There was no history 

of myopathy among her relatives; an uncle and a cousin were 

‘insane. Since early infancy it had been noticed that she has 
been unable to completely close the eyes and that the face had 
& peculiar appearance. She had always suffered with epiphora 
and never been able to whistle. Weakness in the shoulder 
muscles came on two years ago and gradually increased. 

P.S.—The appearance of the face was characteristic of the. 
disease. Several of the facial muscles could not be demonstrated 
(platysma, risorius) and the others were very weak. There was 

` some wasting of the See The doapules were ‘‘winged.” There 

. were complete par prs and great wasting of the latissimus dorsi, 

serratus magn of the trapezius on either side. The triceps 

was very wreck Se wasted on both sides. The other musoles of 

‘body and limbs were well developed and powerful. The action of 
the Ne anguli scgpule and'pectoralis minor in keeping the 
‘scapula against the thorax in the act of pushing forwards with 
the arm in the horizontal position was well shown. 3 

Dr. Worren Hannr.—Case of myopathy of the Landouzy- 
Dejerine type. 

G. N., a stableman, aged 82, had noticed progressive weakness 
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for the last six years. Mother, said to be similarly affected, died ` 
aged 65. None other of numerous family affected. — | 

P.S.—Lordosis was marked, and the sternum much depressed. 
Rolling gait. , Lips pouting, and paralysis of orbiculares oris et 
palpebrarum, and of zygomatici. Scapule elevated and winged, 

. with paralysis and wasting of serratt magni, trapezius, latiss. 
dorsi, pectorals, right levator anguli scapule and right‘rhomboids, ` 
both biceps and triceps, supinator longus and extensors of fingers 
and wrists, with flexor contracture, and marked cyanosis of hands 
and forearms. There was weakness also of the abdominal muscles, 
glutei, hamstrings, and anterior tibial muscles. The electrical 
reactions were diminished, with sluggish contraction in wasted 
muscles to both currents, KCO > AOC. The left scapula hung 
higher than the right, owing to extra pull of lev. ang. scapulm 
and rhomboid, while both scapule were much raised, and the 
superior angles everted by the pull of the anterior fibres of the 
deltoids and the supraspinati. 
Dr. OR Benvon.—A case of cerebral degeneration (diplegta). 
The patient was a boy, aged 14 years, whose family history was 
unimportant, and whose bealth up till the age of twelve years was . 
.excellent. At that time he had. a severe febrile illness, which 
was said to be rheumatic fever. He recovered completely. ‘Three 
months later he had another similar attack, and after two days’ 
illness he became weak all over after having some sort of fit. 
After this his general health seemed to recover, but the limbs . 
became gradually stiff and weak, and for three months his chin 
was turned to his right shoulder. He had some difficulty in 
swallowing at this time. During the last year the torticollis and 
_ stiffness in the arms had improved greatly, and he had ‘developed 
intention tremor in the upper extremities. Mental state, intelli- 
gent. Speech slow. Deglutition slow. Nystagmus. Face rigid, 
and there is difficulty in the relaxation after effort. Slight rigidity 
-and intention tremor of the upper extremities. .Bevere spastic 
plegia; trunk rigid. No sphineter trouble; Double foot 
, clonus. Plantar reflexes showed an extensor response. 
Dr. Jawzs Connie for Dr. Toowm.—4 case with acute onset . 
resembling Friedreich's disease. ` . 

The patient was a-girl, aged 9 years. The family history was 
unimportant. At the age of eight years she had a febrile attack, 
and on the third day developed & convergent strabismus and 

t weakness of all the limbs, and she was unable to speak for 
a fortnight. She gradually recovered and regained her general 
health, but with returning power the limbs became extremely 
ataxic. They have improved slightly. a 

P.S.—There was marked mental dulness, convergent strabis- 
mus, extreme ataxy of all four limbs, lateral curvature of spine, 
very ataxic gait, deep reflexes absent. Plantar reflexes showed 
the flexor response. ‘There was double pes cavus. Speech was 
slow, and the voice low pitched aid monotonous. 


€ 


BRAIN. 


p PART Iv. 1899. 


Original Articles and Cinta Gases. 


SPINAL CORD- CHANGES IN CASES OF 
CEREBRAL TUMOUR. 


BY FREDERICK E. BATTEN, M.D. 
Pathologist to the National Hospital for Paralysis and Epilepsy, 


KM E AND 
' JAMES 8. OOLLIER, M.D. 
, Senior House Physician to the National Hospital for Paralysis and Emlepsy. 
a ) Introduction and general statement of the changes found in the spinal 
cord in cases of cerebral turnour, 
(2) Synopsis of previous observations on thie subject. 
(8) Suggested explanations of the changes found, 
(4) Analysis of the cases. : 
j (a) Character of the degeneration. 
in - (b) Nature and situation of the tumour. 
(5) Discussion of the cause of the spinal cord degeneration. 
(6) The effect of operation ;, the condition of the knee-jerk and arm- jerks, and ' 
the presence of optio neuritis. 
(7) Oonclusions. ` 
Appendix.  , . 
. Table of cases. 
` Details of clinical history and pathologies! resulta. 


1 


I. 
` WHILE examining the spinal cords from cases that died 
of cerebral tumour, the fact that & considerable amount of 
degeneration was present in the posterior columns became 
' apparent, and in order to, determine what relation these 
VOL. XXII. ` . 81 - 
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changes bore to the symptoms present during life, and also 
. to ascertain how frequently and to what extent these changes 
occurred, as many cases of cerebral tumour as could be 
obtained were examined, and, having lately had the oppor- 
tunity of investigating some twenty-nine cases, we venture 
to bring the results under your notice. For the details of 
the clinical side of the cases, one of us (J. 8. C.), and for ` 
the pathological investigation of the cases, the other 
_ Œ. E. B.) is alone responsible, but for the views expressed 
- we are jointly responsible. For permission to make use of 
` these cases we would here acknowledge our indebtedness to 
"Dr. Hughlings- Jackson, Dr. Buzzard, Dr. Bastian, Sir 
William Gowers, Dr. Ferrier, Dr. Ormerod, Dr. Beevor, 
Dr. Tooth, Dr. Taylor, Dr. Colman, and Dr. Risien Russell, 


of the National wii and to Dr. Lees, of the Children’ 8 et 


Sones 
II. 

Not a few authors have already written on this subject, 
and it will, therefore, be most convenient to give a short 
, summary of their observations before we proceed to deal 
„with ‘our own cases. 

` Historical. 

Degeneration of the posterior columns in cases of cere- 
bral tumour has been noticed and recorded by several 
observers. C. Mayer, in 1894, in a paper, “ Ueber ana- 
tomische Ruckenmarks befand in Füllen von Hirntumoren," 
was the first to recognise that the condition was associated 
with certain clinical phenomena, and to discuss its pathology. ~ 

In the above paper he refers to a paper published by 
Wollenberg, who described, in the case of a tumour of the . 
left cerebellar hemisphere, a typical posterior: degeneration 
extending from ihe lumbar to the cervical region, and 
affecting also the ascending roots of the fifth nerve and the 

: posterior nerve-roots. The knee-jerks were absent, and the 
condition was regarded by Wollenberg as one of PoE Bene 
tabes. 
|.  ÜTwo cases are described by Mayer, with loss of knee-jerk : 
and early degeneration of the posterior columns. 
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Case 1 was that of a woman, aged 88, with aphasia ‘and 
right hemiplegia, double optic neuritis, absent knee-jerks, 
but with active Achilles jerks. At the autopsy a tumour 
was found in the third left frontal region and operculum, 
and, on microscopical examination, degeneration was found 
in the posterior columns, but little marked in the sacral and 
lower lumbar region, more marked in iffe upper lumbar, 
dorsal, and cervical regions, and most marked in the column 
of Burdach in the last-named region. Lissauer’s tract was 
unaffected, and no degeneration could be found in the extra- 
medullary portion of the posterior roots. Changes were 
noted in the cells of the anterior horns, but Clarke's column 
appeared quite normal. 

In the second case, a man, aged 46, in whom symptoms 
had lasted for one year, and in whom the knee-jerks were 
absent, a tumour was found growing from the anterior 
extremity of the falx, and pressing on the frontal lobes. 
On examination of the cord, degeneration was found in the 
posterior columns, and’ especially in Burdach’s column, and 
although some degeneration existed in the dorsal region, it 
was most marked at the level of the lower cervical roots. 
No degeneration could be found in the extra-medullary 
roots, and Clarke’s column appeared to be normal. 

That the condition is not one of early tabes is shown by 
the fact that the degeneration was more marked in the cer- 
vical than 1n the lumbar region of the cord, and affected the 
columns of Burdach to & greater extent than the column of 
Goll, and Lissauer’s tract was unaffected. 

That the condition cannot have been due to an affection 
of the spinal meninges was proved by the complete absence 
of any pathological change in these membranes. 

In discussing the pathology, the author of this paper 
calls attention to the fact that in certain diseases the pos- 
terior columns are very liable to be affected, viz., ergotism, 
pernicious ansmia, lead poisoning, leprosy, alcoholism, 
Addison’s disease, and like conditions; and he suggests 
that the degeneration above described may be due to some 
toxin in the altered cerebro-spinal fluid, which has been 
supposed to give rise to optic neuritis. Against such a 
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theory the fact that the extra-medullary spinal roots, which 
are bathed with this fluid, escape, is brought forward. The 
question of the condition being due to increased intra-cranial 
pressure is then discussed, and, lastly, the condition of 
venous stasis produced by such an increase of pressure, the 
latter condition being thought the most probable origin of 
this degeneration. 

In 1894, Campbell read before the British Medical Asso- 
ciation, at Bristol, an account of two cases of softening of 
the cerebellum due to vascular change, associated with 
degeneration of the posterior columns. 

In Case 1, a woman, aged 62, there had been paralysis 
of the left arm and leg for two years before death, and there 
was old softening and destruction of the greater part of the 
left cerebellar hemisphere, with degeneration in the left 
. middle, inferior peduncles, the direct cerebellar tract, the 
‘ascending antero-lateral tract, and the posterior external 
columns of the left side; alteration in the nerve-cells in 
the region of the anterior cornu of the cervical region, and 
also degeneration in the left lateral pyramid.  Clarke's 
column also appeared small. 

In Case 2, a man, aged 73, with weakness of the left arm 
and leg, softening was present on the upper surface of the 
left cerebellar hemisphere, and degeneration was preseni'in 
the left superior, middle, and inferior cerebellar peduncles ; 
in the nucleus and funiculus cuneatus and in the posterior 
external columns of the cord. At the level of the sixth 
cervical root the degeneration occupied the outer half of 
Burdach’s column. No degeneration could be traced below 
the level of the sixth dorsal root. f i 

The author regards the degeneration of the direct cere- 
bellar tract as`a secondary atrophy, and not as a true degen- 
eration ` but the posterior degeneration he is inclined to 
regard as due to this part of the postero-external columns, 
being & direct descending cerebellar tract connecting the 
cerebellum with the lateral group of the anterior cornual 
cells of the lower cervical region of the same side. In a 
private communication; September, 1899, he states he is 
inclined to believe that this posterior degeneration is also & 
retrograde change, and not a true degeneration. 
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In 1895, Dinkler recorded & case of hydrocephalus and 
tumour of the right parietal lobe, with absent reflexes, asso- 
ciated with degeneration of the posterior columns, most 
marked in the cervical region and in the column of Burdach, 
and present also in the lumbar region of the cord. There. 
was degeneration of the posterior roots. With regard to 
the pathology of this condition, after mentioning, he at once 
negatived, the possibility of the condition being due to in- 
volvement of the roots by growth secondary to that present 
in the brain, and suggested two other possible explana- 
tions:—(1) That the tumour produced some toxic sub- 
stance; (2) that the condition was due to cachexia, since 
Oppenheimer and Siemerling have shown that degeneration 
of ‘peripheral nerves may occur in cases dying of carcinoma, 
and the author inclined to this explanation of the condition. 

In 1896, Pick described five cases :— 

(1) A tumour in the posterior and median portion of 
the left: cerebral hemisphere, with degeneration in the 
pyramid and in the posterior columns and in the posterior 
roots. 

(2) A tumour in the left cerebral hemisphere, with 
degeneration most marked in the posterior columns in the 
lower cervical region, but also present i in the lumbar cord. 

(8) An osteo-sarcoma of the skull in a child, with degen- 
eration most marked in Burdach’s column, the: posterior’ 
roots being unaffected. 

(4) A glioma of both cerebral hemispheres, with no 
degeneration. 

(B) A diffuse cerebral sclerosis, with degeneration of the 
posterior columns, most marked in the lower cervical region. 

The author concluded that the condition was due to 
increased intra-cranial pressure, but why certain areas of 
the cord and roots were more affected than others he left 
for further observations to explain. 

In 1896, Besold, in the case of two sisters, described 
degeneration of the posterior columns of'the cord, most 
marked in Burdach’s column and in the cervical region, 
associated with tumours in region of the third ventricle 
and optic thalamus. Degeneration was also present in 
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Gower's tract. The M ‘attributed the condition to 
anemia. i 

In 1897 Tsin described three cages :— 

(1) A tumour in the left cerebral hemisphere with de- 
generation in the postero-external columns, leaving the 
septo-marginal, the córnu-commissural zone, and Lissauer's 
tract unaffected. The extra-medullary portion of the pos- 
terior roots were affected, and some-alteration in the cells of 
, Clarke’s column was present in the dorsal region. The de- 
generation was most marked in Burdach’s column, and was 
not present above the posterior column nuclei. 

. (2) Two tumours, one in the left occipital lobe and 
another in the right, frontal lobe. The cord showed de. ` 
generation in the posterior columns most marked in Bur- 
: dach's column. The posterior roots, Lissauer’s tract, and 
Clarke's column showed no change. There was degeneration 
in the lateral columns. 

(8) A tumour in the left optic thalamus, with degenera-' 
tion in both pyramidal tracts, diffuse degeheration in the. 
' posterior columns, and also.in the inira-medullary por- 
tion of the hypoglossal nerve of the right side. No de- 
generation was present in the ie E roots or in 
Lissauer’s tract. 

He considered that the condition was not due to in- 
creased intra-cranial pressure, but to an intoxication and. a 
failure of nutrition. 

In 1897 Hoche. described three cases :— ; 

(1) A tumour in the right cerebral hemisphere with de- 
generation in the left pyramid and in the posterior columns. ' 
The extra-medullary roots were unaffected, and the change 
was more marked in the cervical than in the dorsal or | 
lumbar region. 

(2) A tumour in the left lateral lobe of the cerebellum, 
with degeneration in the posterior columns, more marked in 
the cervical and lumbar regions than in the dorsal. The 
extra-spinal roots were unaffected. 

. (8) A tumour growing from the dura mater, and pressing 
on the left cerebral EE The spinal cord showed.no 
degeneration. : ' 
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The author concluded that neither the age of the patient 
nor the situation, nor the histological characters of the 
growth, were in causal relationship with the degeneration of 
the posterior columns, but that the condition was dependent 
upon increase of intra-cranial pressure. 

In two of the cases above reported there was optic 
neuritis and‘ degeneration of the posterior roots, while in 
the third there was no optic neuritis and no degeneration of 
the posterior roots. 

In 1899 Bikeles described posterior degeneration occur- 
ring in a patient who died twenty days after being shot 
in the right frontal region. The injury gave rise to left 
hemiplegia. There was degeneration in the right pyramid 
and in the column of Goll from the mid-dorsal to the cervical 
region. This degeneration was most marked on the side of 
the affected pyramid. There was also degeneration of the 
first cervical root on the right side. 

The suggested explanation of the condition was that the 
disturbance caused by the bullet wound was conveyed to the 
. spinal cord through the cerebro-spinal fluid and affected the 
most vulnerable portions, viz., the posterior columns, although 
the effect of toxin could not be excluded since suppuration 
and encephalitis were present in the region of the injury. 
With regard to the first cervical root which showed degeneras 
tion, not only in 1ts intra-spinal course, but also in its extra- 
spinal course, ıt was suggested that the sudden movement 
of the cerebro-spinal fluid owing to the entrance of the shot 
would be especially liable to injure this root on account of 
its close proximity to the foramen magnum. 


Digest. 


In the above papers there are fifteen cases of cerebral 
tumour showing degeneration in the posterior columns and 
two ‘cases with ‘negative results so far as the cord is con- 
cerned. In addition to these there are two cases published 
by Campbell with degeneration in the posterior columns in 
which there was no tumour, but thrombosis of some cere- 
bellar vessel. In twelve of the above cases, at any rate, the 
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degeneration was most marked in the lower cervical region, 
and in only four of these was there degeneration 1 in the extra- 
spinal posterior roots. ) 


It will be gathered from: the above digest ibat various 
suggestions have ‘been brought forward to account for this 
‘posterior degeneration, and of these the aa may be 
at once rejected :— 

(1) That the condition is one of early tabes. 

(2) That the condition is due to involvment of the pos- ` 
terior roots by secondary deposits from growth in the 
cranium. 

(3) That the condition is secondary to some, spinel 
meningitis or thickening of the membranes. 

(4) That the condition is due to a descending degenera- 
tion in the posterior columns. (Under this heading retro- 
grade degeneration is not ER as this will be discussed 
later on.) 

, Passing now to s — of the.various condi- 
tions which may reasonably account for this spinal change, 
. obe may discuss them under the following heads :— 

a) A toxic agent. (a) Produced by ‘the tumour itself. 
(b) Secondary to the anwmia and cachexia resulting from 
the tumour. ` 

(2) Increased pressure in the cerebro- spinal canal. . 

(8) Venous stasis, anæmia, thrombosis in the spinal 
vessels- secondary to the increased pressure, 

(4) Retrograde degeneration. 


(1) (ay A toxic agent produced by the tumour. —Assuming 
that it is possible for a malignant growth to produce a toxin 
either by its own activity or by the destructive change in 
the cerebral substance in which it grows,’ is it possible that 
such a poison would exert a selective action on certain por- 
tions of the nervous system? (for instance, the posterior 

1 Morr anp HALIBURTON, Philosophical Transactions, vol. es, p. 211. 
267. Mott and Halliburton have shown that the body t gholine, m ormed 
from the destruction of lecithin, is present in the cerebro- -spinal fluid of 


patient suffering from general paralys of the insane, and that injected into 
S animal it produces certain toxic effects. y 
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nerve roots). In reply to such a question the state of things 
met with in tabes, pellagra, and ergotism, besides other con- 
ditions, might be cited as instances where a poison exerts 
such a selective action. On the other hand, the selective 
action in the present case seems almost more limited than 
in the conditions above named, for almost all observers are 
agreed that the degeneration affects the lower cervical region 
to a greater extent than any other portion of the cord, and 
the same is borne out in the present series of cases, though 
it is by no means invariable, for in two cases (Nos. 19 and 27): 
the degeneration was as marked in the lumbar region of the 
cord as.in the cervical. 

That posterior degeneration is more marked in cases 
where the tumour is of rapid growth and invades the cere- 
bral substance is certainly born out by the present series of 
cases, but there are other conditions accompanying such 
rapid growth which may exert a harmful influence on the 
posterior roots, and the effect can hardly be attributed to the 
action of & toxin. 

(b) A toxic agent secondary to the anemia and cachexia 
produced by the growth.—It is hardly possible to maintain 
such a view, for it 4s well known that patients suffering with 
cerebral tumours rarely emaciate to any-marked extent, and 
are often well nourished. In 140 consecutive cases of intra- 
cranial tumour examined by one of us (J. B. C.) at the 
National Hospital, general wasting was observed in seven 
cases only, and in each case a complication was present to 
account for such wasting, t.e., tubercular meningitis, once; 
tubercular peritonitis, once; carcinoma of lung, once; pro- 
longed stupor with the attendant difficulties of administering 
nourishment, four times. 

The marked hemiplegic and general wasting, not infre- 
quently observed after the removal of intra-cranial growths 
by operative measures, is not considered among these cases. 

In six cases where the symptoms were of long duration 
(apwards of eighteen months), and where the growth was of 
large size and situated in the cerebral hemispheres, the 
‘patients were very well nourished at the time of death. 

In the series of cases here recorded wasting was a marked 


489 ORIGINAL ARTICLES AND OLINICAL CASES 


' feature in four cases only, Nos.,5, 12, 18, and 21, and these 
cases were well nourished until operative measures for the 
removal of the growth. had been resorted to. In the cases, 
Nos. 18 and 21, where emaciation was extreme, no eg 
tion of the posterior columns was present. 

It should, however,-be borne in mind that ee 
and ‘Siemerling have shown that changes are sometimes 
found in the peripheral nerves in cases of carcinoma. That 


the condition cannot depend on simple marasmus is shown . 


by the fact that in three cases of extreme wasting due to 
tubercle examined by. Mayer no change could be found, nor 
‘can it be due to ansemis alone, for I have examined cords in 
extreme ansmic conditions with a negative result. 

(2) That the condition is due to increased pressure in the 


` cerebro-spinal canal is a view that would seem to be the. 


most reasonable explanation, and even if it is not the sole 
cause of the condition, it is most certainly an important 
factor in the etiology of the condition. There are, SE 
.- Various arguments against such a view. 


Firstly, it is urgéd that if the condition is due to in- | 


creased pressure, then the degeneration should be most 


marked in the lumbar region where the fluid pressure is . 
greatest. On the other hand, the point at which the de- ` 
generation is most marked is the cervical region, an objec- ` 


tion, however, that does not carry much weight in that 


many patients who present these changes in the cord are ' 


unable to maintain the erect position, and, therefore, in them 
the pressure is not greater in the lumbar than in the cervical 
region. 


, Secondly, there are cases in which there is no increase in’ 
the intra-cranial pressure, and ‘yet degeneration of the pos-. 


terior columns has been present. Moreover, the cases 


reported by Dr. Campbell, of Rainhill, SR be cited in’ 


this connection. 

Thirdly, the degeneration is stated id be: ‘often asym- 
metrical, whereas if it had been due to pressure one would 
have expected it to have been symmetrical. In this relation, 
however, it must,be pointed out that the asymmetry of the 
lesion i8 very slight as a rule, so that little can be based on 

‘this ‘point. 


{ 
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Fourthly, the degeneration is often limited to the cord 
and the posteriot roots are unaffected, whereas the roots are 
more exposed to pressure than is the cord. 

Such are the arguments against the pressure theory, but 
there is no doubt that the degeneration is present in its most 
marked extent in those cases in which the rise of intra- 
cranial pressure has been rapid. In the chronic cases where 
there is marked hydrocephalus the degeneration is often 
slight or absent. 

(8) Venous stasis, anemia, or thrombosis in the spinal 
vessels secondary to the increased pressure.—Direct evidence 
on this point is wanting, for in all the cases examined there 
is no evidence of thrombosis of the smaller vessels; some- 
times they are full and engorged, at other times empty. 
However, the change in the cord is never a localised patch 
of softening or myelitis such as one might expect to find if 
there were actual thrombosis of some of the smaller vessels, 
nor is there anything to suggest that the change is due to 
hemorrhage. There is no evidence pointing to the posterior 
root gangla being the seat of the lesion ; indeed, such evi- 
dence as there is is directly opposed to this, for in those 
cases in which the ganglia have been examined they have 
been found to be normal. The posterior roots are often 
unaffected, and even when affected the degeneration is 
always less than in the posterior columns of the cord. The 
affection of the direct cerebellar tract is uncommon, and does 
not necessarily occur in cases of cerebellar tumour. In one 
case (No. 1) in which it was most marked it was symmetrical, 
and only extended down to a point between the first and 
second cervical. There were a few degenerate fibres below 
this level, but they could not account for the marked de- 
generation above this level. There was no evidence of 
myelitis in this region, but that there must have been some 
pressure at this level, viz., first and second cervical, is borne 
out by these two facts, viz., that there was marked degenera- 
tion in the direct cerebellar tracts above that level, and there 
was an increase in the degeneration in the pyramidal tracts 
below that levél. Such a condition is not common, and 

occurred in only two other cases (Nos. 5 and 20), and in the 
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former of these the degeneration in the posterior columns 
only became marked above the level of the second cervical. 

| (4) Retrograde degeneration.—This view was advanced 
- by Dr. Campbell in his most interesting report of cases of 
Softening of the cerebellum; with degeneration in the pos- 


‘terior columns and the direct cerebellar tract, but although 


his arguments are applicable in the cases he brings forward, 
yet such an explanation cannot account for the condition 
met with in the present series of cases, except so far as the 
extra-spinal posterior roots are concerned. This point will 
be further discussed in the latter portion of this paper. 


IV. ^ 0v 


- Twenty-nine,cases have been examined, and.the accom- 
. panying table indicates their situation and the amount of 
degeneration that occurred in the posterior columns. For 
the sake of classification the degeneration has been placed 
under the three heads, E Marked, " * Blight,” ane “ None.” 


ns Tanta L 
No. of No Blight Marked 
" cased. degeneration. degeneration. degeneration 
Frontal s% ES we, x v8 E 2 . 8 
Parietal as 2 1 1 a 0 
: Tempore sphenoidal ^3 1 €. c4 
Cerebellar . 9 8 2 ed 4 
Basal ganglia ‘and pons 5 2 2 1 
29 o 9, o n 


b From the analysis shown in Table I. it would appear 
' that degeheration is rather more liable to occur with tumours 
in the temporo-sphenoidal region than when situated else- 


-where, and also that a tumour situated behind the parietal 


region is more liable to give rise to degeneration than one 
more anteriorly situated. 


(a) Character ee Degeneration. A 


The degeneration is of such a. character that though , 


readily shown by the Marchi method, is not well-marked 


by thé Weigert-Pal method. The degeneration affects the 


s 
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posterior columns of the cord, and in all cases, except 
No. 27, is more marked in the cervical than in other regions. 
It therefore follows that the postero-external column (Bur- 
dach) is more affected than the postero-internal (Goll). The 
degeneration is of root origin, for in many cases it can be 
seen limited to a region occupied by the ascending fibres of 
a root, and the endogenous tracts tend to escape. It cannot 
be said, however, that these tracts contain no degenerate 
fibres, but fewer than the tracts of exogenous origin; and 
although the endogenous tracts are, for the most part, com- 
posed of fibres derived from within the cord, yet few will 
deny that they contain also fibres of exogenous origin. 

Tn one case, No. 6, the degeneration was limited to one 
root, viz., the fifth lumbar, and this degeneration was so- 
marked that it might be considered fortuitous; and in 
another.case, No. 15, it was limited to two roots, the sixth 
and seventh cervical. In the cases 10, 11, 19, 27, degen- 
eration was well marked in the whole of the posterior 
columns of the cord, from the cervical to the lumbar region, 
. but, in the remaining cases the condition, although not 
limited to the cervical region, showed comparatively little 
‘or no degeneration in the dorsal and lumbar region. 

The degeneration could be traced up to the posterior 
column nuclei, and as the column of Burdach was most 
affected in the cervical region, so the degeneration was 
more marked in the funiculus cuneatus than in the funiculus 
gracilis. 

Lissauer’s tract.—A few degenerate fibres were present 
in this tract in two cases, Nos. 10 and 11, but in neither 
‘was this marked, and in the remaining cases the tract 
appeared perfectly normal. 

The fillet.—Slight degeneration was present in five 
cases, Nos. 5, 11, 12, 26, and 27, but in none was it marked 
nor in any way proportional to the amount of degeneration 
in the posterior columns. 

The direct cerebellar tract.—There was degeneration in 
this tract in three cases; in all three it was symmetrical, 
and in case No. 1 it was only present above the level of the 
second cervical root; in cases Nos. 12 and 20, as no exam- 
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ination of the cord was allowed, it was impossible to say 
from what point it extended. It has been shown by Dr. 
Leonard Hill (“ Allbutt’s System of Medicine,” vol. vii.), 
that when the intra-cranial pressure is rapidly increased, 
the cerebellum and the bulb descend and completely block 
the foramen magnum, and, from the altered position of the 
parts, pressure must be brought to bear on the upper region 
of the cervical cord, and, this gives a ready explanation for. 
the degeneration in the direct cerebellar tract. 

Posterior roots.—Degeneration of the posterior roots was 
present in five cases, and in one other to a slight extent ; 
it was always considerably less than the degeneration in the 
posterior columns. 

Posterior root ganglia.—In a few cases these have been 
examined, but with négative results. 

Cranial nerves.—In case’ No. 1 the intra-medullary por- 
tion of the twelfth nerve on.one side was found to be 
. degenerate; the cause of this degeneration could not be 
found, but as there was a localised patch of softening in the 
‘upper portion of the pons, a similar patch may have occurred ` 
near the twelfth See and thus have given rise to this 
degeneration. 

In case No. 12 there was a degeneration of the seventh 
nerve on one side ; the origin of this also was not found. 


(b) Nature of Growth. 


The growth varied greatly, not only in external but also 
in microscopical appearances, and the following table gives 
the number in each group :— ' 

i TABIR IL 
3 ‘ Nature of growths. ` 
Tuberculous 


2. 
Gummatons .. 1 
Glioma .. b 
Psammoma  .. 1 
., Oyst of choroid plexus i 


Sarcoma (under this head. are included fibro-alvóolar, gie, 
and irregular-celled sarcomata aa well as SE 18 : 
Not examined .. a ‘ , "T 1 


^ 
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V. 


The cause of the spinal cord degeneration may be 
conveniently discussed under the following heads. 

(1) Does the condition depend on the situation of the 
tumour ? 

(2) Does the condition depend on the nature of the 
tumour ? 

(8) Does the condition depend on the increase of intra- 
cranial pressure and the rapidity with which such increase 
occurs, or is it a combined effect of the increased intra- - 
cranial pressure with dilatation of the ventricles, or is it 
dependent on the latter factor alone? 

(1) Does the condition depend on the situation of the 
tumour ? i 

In answer to this question, if one takes the cases in 
which the posterior degeneration is most marked, viz., 1, 
10, 11, 12, 19, 27, one finds that the first is a frontal tumour, 
the next three gre temporo-sphenoidal, the fifth a cerebellar 
tumour, and the sixth a tumour of the corpora quadrigemina ; 
that is to say, degeneration may occur in whatever portion 
of the brain the tumour is situated, but that growths in the 
temporo-sphenoidal region are more frequently accompanied 
by marked degeneration than tumours in other situations, 
and the same is borne out if one takes all the cases in which 
posterior degeneration occurs, as shown in the following 
table :— 


Tanrg III. 
Frontal .. 4 
Parietal .. A Ss T 
Temporo-sphenoidal .. 6 
Oerebellar ot 5 
Basal ganglia .. 8 


It is, however, obvious from consideration of the above 
figures that the situation of the tumour alone can have little 
influence on the occurrence of this posterior degeneration. 

(2) Does the condition depend on the nature of the 
tumour ? * . 

In considering this question, if one again takes the 
cases in which degeneration is most marked, viz., l, 10, 
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11, 12, 19, 27, one finds, No. 1 is a glio-sarcoma, No..10 
is a glioma, No. 11 is a spindle and round-celled sarcoma, 
No. 12 is an irregular-celled sarcoma, No: 19 is a glioma, 
No: 27 is & round-celled sarcoma; that is to say, all are 
comparatively rapidly-growing tumours. On the other 
hand, if one takes the cases with no degeneration, one , 
finds No. 2 is a sarcoma, No. 3 is a gumma, -No..7 nature 
‘uncertain, No. 14 is a spindle-celled sarcoma, No. 16 is, 
a glioma, No. 18.is a tuberculous growth, No. 91 is a 
fibro-sarcoma, No. 28 is a ‘glioma, No. 29 is a cyst of the 
' choroid plexus; that is to say, a mixed variety of tumours, 
the majority of which were of chronic nature, but three, at 
any rate, were of rapid growth: Therefore, it would seem 
: that though the nature of, the tumour may be a factor 
owing to its rapid increase in size, it cannot be considered, ` 
to play any part with regard to the production of posterior 
degeneration so far as any toxin which it is supposed to 
form is concerned. 

(3) Does the condition depend on the tnerease-of intra- 
cranial pressure and the rapidity with which ‘such increase 
occurs, or 4s 4t a combined effect of the increased intra-cranial 
pressure with dilatation of the ventricles, or is it dependent 
on the latter factor ulone ? 

Nearly all the cases showed increase of intra-cranial 

; pressure either at the time of death or previous to operation. 
In two cases of long standing (16 and 21) there was no evi- 
dence of increased intra-cranial pressure, thé lateral ven- 
` tricles being, however, in both cases very considerably dilated , - 
but the cord in these cases showed oo change. This would 
seem to suggest that dilatation of the ventricles alone does . 

‘ not give rise to.posterior degeneration. 

Taking then the case in which the posterior degenera- ` 
tion was most marked, viz., No. 97, it was found that a 
large rapidly-growing tumour (nine weeks) existed in the 
optic thalamus and corpora quadrigemina, causing obstruc- 
tion to the Sylvian aqueduct and marked dilatation of the 
ventricles. : The degeneration extended the whole length of 
‘the spinal cord and affected both the columns of Burdach 

and Goll. Such a case would seem to point to the condition 


H 
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being due to the rapid increase in intra-cranial pressure, 
together with dilatation of the ventricles. This is not, how- 
ever borne out on examination of the other cases in which 
the degeneration is most marked, for in the cases 11 and 19 
there was no distention of the ventricles. Increased intra- 
cranial pressure was, however, present, and in one of the 
cases was limited to the subtentorial region. The one com- 
mon factor in nearly all the cases seems to be increased 
intra-cranial pressure, but even when this is present and has 
been of rapid onset, cases occurred (Nos. 2, 14, 28, 29) in 
which no spinal degeneration was present. These, excep- 
tions, however, admit of an explanation. No. 2 was a 
frontal tumour, and posterior degeneration seems to occur 
less frequently with tumours in this situation, and in 
Nos. 28 and 29 the pressure symptoms had existed a 
comparatively short time. . 
The evidence, as gathered from the above series of cases, 
seems to point to the rapid increase of intra-cranial pressure, 
especially when associated with dilatation of the ventricles 
as the cause of the condition. The question then arises: 
How does such intra-cranial pressure account for degenera- 
tion .in the posterior columns of the cord? In an article by 
Dr. Leonard Hill on the experimental pathology of cerebral 
circulation, he shows that the intra-cranial pressure does not 
exceed the normal cerebral venous pressure, and makes the 
following statement :—'' Since at any pressure above cerebral 
venous pressure the cerebro-spinal fluid rapidly leaks away 
from the cranial cavity, this fluid can be entirely neglected 
in dealing with the pathology of compression. It is abso- 
lutely erroneous to teach that increased cerebral pressure 
is transmitted to all parts of the cranio-vertebral cavity by 
the cerebro-spinal fluid. It is equally erroneous to teach 
that a foreign body within the cranium exerts pressure.” 
Such a statement as the above makes it extremely diff- 
cult to account for posterior degeneration on the increased 
pressure theory. On the other hand, when one sees the 
, distended ventricles, the dilated posterior cistern and the 
distended arachnoid space in the spinal cord, one cannot 
but think that the increased fluid pressure within the ven- 
VOL. XXII. . ` 32 
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tricles is communicated to the spinal canal. In order to 
obtain further evidence on this point the spinal canal and 
the theca were carefully opened ‘so as not to injure the 
arachnoid ; fluid was injected into the ventricles under a | 
pressure of a column of water 2 ft. high, and as the arach- 
noid became distended it was seen that the spinal roots 
which, under normal conditions, lie close to the cord and pass 
in a nearly straight line from their point of exit on the dorsal 
side of the cord to their point of passage through the theca, 
were carried away from the cord owing to their attachment 
to the arachnoid, and formed a bow instead of a straight 
line, the curve being most acute where the roots passed into 
the spinal cord. The anterior roots being less attached to 
the arachnoid membrane than the posterior would be less 
liable to suffer when the sub-arachnoid space is distended. 
If the pressure between the dura mater and the arachnoid 
be the same as that in the sub-arachnoid space, then no 
stretching of the roots will take place; and this fact may 
account for the absence of degeneration in certain cases 
of marked intra-cranial pressure. It is therefore probable 
that the point at which the root is most likely to suffer is 
that at which it enters the spinal cord. And it has been 
shown that at this point it becomes constricted, and the 
medullation of the fibres becomes thinner and often seems 
almost to disappear altogether leaving the naked axis- 
cylinder; traction, therefore, either in the normal direction 
of the root, or still more in some altered direction, would 
be extremely liable to injure it at this point. f 

Now, the fact that the posterior columns of the cord are 
often affected without the roots showing any or very slight 
change, 1s proved in cases Nos. 11, 13, 27, in which the cord 
is affected, and little or no change could be found in the 
roots; and in other cases where degeneration is present in the 
roots it is slight in comparison to the amount of change in 
the posterior colurnns of the spinal cord. The explanation 
of such & condition is clear, namely, that degeneration occurs 
in the portion of the neuron distal to the injury, i.e., that in 
the posterior columns, while only a slow “retrograde” de- 
generation occurs in the root proximal to its connection with 
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the ganglion. That such an explanation can account for the 
fact that the lower cervical roots are more liable to be affected 
than the dorsal and lumbar is probable, owing to their shorter 
course, and, therefore, greater traction. 
VI. 

Operation can have no direct effect in causing posterior 
degeneration; twelve cases were operated on, and in eight 
degeneration was present, and in four there was no degen- 
eration i 

.Age.—The ages of the patients varied from 14 years to 
64 years. Hight were under the age of 10; in six of these 
eight cases the tumour was situated in the cerebellum, in 
the seventh in the pons, and in the eighth in the corpora 
quadrigemina and optic thalamus. Of these eight children, 
in five posterior degeneration was present, while in the 
remaining three no degeneration could be found. Ii is, 
therefore, certain that age has no influence on the occur- 
rence of this degeneration. 

The knesjerk.— The knee-jerks were absent in seven 
cases (9, 10, 14, 19, 24, 25, 27), and were diminished or 
absent on one side in five other cases (11, 18, 15, 22, 23). 

Now, all these cases, except No. 14, showed some degen- 
eration, and it was marked, not only in the cervical region, 
but also in the lunibar, in all the members of the first group, 
except Nos. 94 and 25. 

Tt will be noted that of the cases with absent knee-jerks, 
Nos. 9, 10, 14 are tumours of the temporo-sphenoidal lobe, 
and that Nos. 25 and 27 are tumours of the choroid plexus 
and corpora quadrigemina respectively, and that Nos. 19 
&nd 24 were cerebellar tumours. 

That the presence or the absence of the knee-jerks is 
connected with the presence or absence of posterior degen- 
eration in the lumbar region of the cord is, certainly proved 
in many of the cases here recorded, but such an explanation 
will not suffice, however, 1n every case. 

The presence of the knee-jerk does not negative the 
possibility. of posterior degeneration, for other conditions 
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may tend to bring about the preservation of the jerk, not- 
withstanding the presence of posterior degeneration in the 
lumbar region, e.g., the occurrence of degeneration in the 
pyramid. 

The absence of the knee-jerk in cases of cerebral tumour, 
when the observation 13 made before the supervention of coma 
or the last stages of the disease would seem to indicate degen- 
eration of the posterior colwmns.—Case No. 14 might be 
cited as a'case to the contrary, but it was only towards the 
end that the knee-jerks were abolished, and accurate obser- 
vations were not made until the patient was already in a 
drowsy condition. Case No. 15, in the second group of cases 
in which the knee-jerks were diminished, is more difficult of 
explanation, for although degeneration was present, it was . 
only present in the cervical region. 

Special attention has been drawn to the absence of the 
knee-jerk in tumours of the temporo-sphenoidal lobe by 
Coxwell, Stephen Mackenzie, and Hughlings Jackson. In 
160 cases of intra-cranial tumour where the position of the 
tumour was ascertained post mortem, occurring at the 
National Hospital from 1883-1897, the knee-jerks were 
absent in 10 per cent. of the cases, and in twelve of these 
sixteen cases the tumour was situated in the cerebral hemi- 
spheres, and in three in the cerebellum. 

In order to determine whether the condition of posterior 
degeneration was evidenced clinically by a loss of the supi- 
nator and triceps-jerks, the deep reflexes were examined— 
(a) in 100 healthy persons in whom they were readily 
elicited without any exception; (b) in 120 consecutive cases 
of intra-cranial tumour under the care of one of us (J. S. C.) 
during the last three years at the National Hospital in which 
these phenomena had been carefully recorded, the arm-jerks 
were absent in twenty-five cases = 20 per cent., whereas the 
knee-jerks were absent in twelve cases = 10 per cent. Both 
arm and knee-jerks were absent on one side in two cases, ‘ 
and the arm-jerks were absent on one side in one case. In 
four cases the arm and knee-jerks were variable, sometimes 
present, sometimes absent, and in these cases the cerebellum 
was the seat of disease. From this it would appear that 
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consequent upon the greater frequency of the incidence of 
the posterior degeneration upon the cervical region, the 
absence of the arm-jerks in cases of intra-cranial tumours is 
twice as common as is the absence of the knee-jerk, and that 
variable deep reflexes, now present, now absent, are met 
with in connection with subtentorial growths. 

We do not advance posterior degeneration as the cause 
of the loss of deep reflexes in all cases of intra-cranial 
tumour where such loss occurs. We have noticed sudden 
and persistent loss of these signs in several cases of 
vascular cerebral disease and in cases of cerebral tumours, 
and for these cases there must be some other explanation. 

In connection with the symptomatology arising from the 
posterior degeneration, we have seen several cases of intra- 
cranial tumour in which marked hypotonia, severe lightning 
pains, and ataxy of tabetic type were present. 

Optic newrtis.—This, in its early, marked, or late form 
of atrophy, was present in all cases except one (No. 27), and 
in this case there was marked degeneration of the posterior 
columns of the spinal cord. 

Neuritis was present in nine cases in which there was 
no posterior degeneration, and in nineteen in which posterior 
degeneration occurred. And although it is possible that the 
two conditions may have & common cause, it cannot be 
assumed that when neuritis is present posterior degenera- 
tion is likewise present, nor when the former is absent the 
latter is likewise absent. 


VIT. 
CONOLUSIONS. 


(1) That degeneration of the posterior columns of the 
spinal cord frequently occurs in cases of intra-cranial 
tumour, 4.e., about 65 per cent. 

(2) That such degeneration is more liable to affect the 
spinal cord in the cervical region than in the dorsal. or 
lumbar regions, and is more marked in the postero-external 
than in the postero-internal columns. 
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(3) That such degeneration is of root origin, and arises 
from the point where the root enters the spinal cord; the 
posterior roots are always less affected than the posterior 
columns, and may show no degeneration. 

(4) That such degeneration is due to traction on the 
posterior roots by the distension of the arachnoid, owing to: 
the increased intra-cranial pressure, and especially such as 
tends to rapid dilatation of the ventricles and the sub- 
arachnoid space in the spinal cord. 

(5) That such degeneration is independent both of the 
situation and of the nature of the tumour, except in so far 
as their liability to give rise to the preceding condition is 
concerned. 

(6) That optic neuritis bears no relation to the occur- 
rence Of posterior degeneration. 

(7) That absence of the knee-jerks (except in the semi- 
comatose state) indicates posterior degeneration, but that 
their presence does not negative such a condition, and 
absence of the arm-jerks has the same significance. 

(8) That degeneration may occur in the direct cerebellar 
tract; such degencration being directly due to pressure on 
the cervical region of the cord. 
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GENERAL EXPLANATION OF FIGURES AND 
DIAGRAMS. 


Ta reproductions of the tumours in the brain are from photo- 
graphs taken after the brain had been hardened in formalin 
solution. 

The diagrams of the cord are from’ sections stained by the 
Marchi method, and have been drawn under an Hdinger’s pro- 
jection apparatus. 

The areas of degeneration have been indicated whilst the slide 
"was in position, whenever this has been possible; but owing to 
the low magnifying power of the apparatus, it is often impossible 
to indicate the slighter amounts of degeneration, and these have 
been filled in subsequently under the microscope. 
~ It is impossible to represent every degenerate fibre by a dot, 
which is relatively too large, but an endeavour has been made to 
keep the relative amount of degeneration in the various sections 
as accurate as possible. 


: Casg 1. 


Tumour of the left frontal lobe. (Glio-sarcomm.) 

Sections of the medulla and spinal cord show :—(1) Degeneration in the 
postero-external column in the cervical region ascending to the posterior 
column nuclei; (2) Degeneration in the direct cerebellar tracts above the 
level of the 2nd cervical; (8) Degeneration of the pyramade, mogt marked 
below the level of the 2nd cervical but'present algo above; (4) Degeneration 


in the intra-medullary portion of the 12th nerve. 


I. 


E 
d 


PLATE 





PLATE IH. 





CASI X. 


Tumour of the left frontal lobe. (Mixed. celled sarcoma.) 
The eord shows no degeneration, 


PLATE ML 





Case 4, 


Tumour of the right frontal | (Psa oma.) 

The cord shows slight degene on in the posterior columns in the cerviea! 
region, and a few degenerate fibres are also present in the dorsal and lumbar 
region. 








Case 5. 


Tumour of the right and left frontal and parietal regions. The tumour 
was removed from the right side. (Alveolar sarcoma or endothelioma,) 

The cord shows degeneration in the posterior columns above the level of 
the 1st cervical but none below this point, although there is some degenera- 
tion in the crossed pyramidal tracts. 





Case 6 


Tumour of the right frontal lobe. (Glioma.) 

The degeneration in the cord is limited to the 5th left lumbar root, and 
this can be traced up through the dorsal to the cervical region. 

There is also degeneration in the posterior root from its exit from the 
posterior root ganglion to its entrance into the cord. The degeneration is 
more marked by the Weigert-Pal method than by the Marchi method, and is 
evidently of long standing, It is, probably, therefore a fortuitous condition, 
and unconnected with the presence of the cerebral tumour. 





PLATE VI. 





m 


Case T, 





Si 


moved by operation). 
erior columns, but marked degen 
t pyramidal tracts. 


Tumour of the right motor region 
The cord shows no lesion of the pe 
tion in the left crossed and right diree 








JASE 8, 


Tumour of the right hemisphere partly removed by operation. (Mixed- 
celled sarcoma.) The multiple cystic condition present in the neighbourhood 
of the tumour is due to post-mortem emphysema which has occurred in this 
region, 

The cord shows sliglit degeneration of the posterior columns, and marked 
degeneration of the left crossed. and right direct pyramidal tracts and some 
degeneration of the opposite tracts. 


; VII. 


PLATE 








PLATE VIIT. 









(Mixed-celle : 
? egeneration of the posterior colum ir 
region, being most marked in the postero-ex 
rvical region, 











The cord shows mar! 

sacral to the esi 

columns of the lower ce 
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PLATE IX. 





Casg 10. 
Tumour of the right teniporo-sphengidal npon A 
The cord show i 
In the cervical region the de reneration is most. mar edi in the pos . pure 
columns, while in the lumbar region it is evenly distributed throughout | be oth. 


Hz 









Cask 11. 

Tumour of the right temporo-sphenoidal region. (Spindle and round -celled 
sarcoma.) 

The cord shows marked degeneration from the sacral to the cervical 
region. In the cervical region the degeneration is most marked in the 
postero-external columns, while in the sacral region there is degeneration 
around the posterior median fissure arising probably from a lower sacral root, 
although occupying the region of the septo-marginal tract, 


PLATE XI. 








ar d. 


Tumour of the right temporo-sphenoidal lobe, (Irregular-celled sarcoma.) 
Photographed from the ventral surface. 
The cord shows marked degeneration in the postero-e 





ternal columns. 





Case 18. 


Tumour of the left temporo-sphenoidal lobe. (Glioma.) 

Only the upper portion of the tumour is shown. 

There is degeneration iu. the posterior columns corresponding to the 4th 
and Sth right cervical roots, and this degeneration can be traced up to the 
funiculus cuneatus. There are a few degenerate fibres in the dorsal region of 
the cord and also in the crossed pyramidal tract of the right side. 





PLATE XIII 





Case Ld, 


Tumour of the left cerebral hemisphere, iuvolving the left temporo- 
sphenoidal lobo in its greatest extent. — (Spiudle-cclled sarcoma.) 
The cord shows no degeneration. 








Case 15. 


Tumour of the left temporo-sphenoidallobe. (Mixed-celled sarcoma.) 
The cord shows degeneration of the right 6th and left 7th cervical roots, 
and these can be traced up to the funiculus cuneatus. 





PLATE XV. 








Tumour of the left lobe of the cerebellum growing from the corpus 
dentatum and extending into the pons. (Infiltrating glioma.j 
oerfeetly normal, 








PLATE XVL 





Case IT. 





Tumour of the right lobe of the eerebellum. 

In the cord there is marked degeneration of the pos umns 

in the cervical region, less degeneration in the dorsal and only a few scattered 

fibres in the lumbar reg 
c 








PLATE XVII 








Tumour of the left lobe of the cerebellum. — (Glioma.) 
The cord shows degeneration in the pc 
to the saeral region, being however mos 
Cg 





erior columns from the cervical 
marked in the lower cervical region. 





PLATE XVIII. 













Tumour of the left lobe of the eerebell (Round 
The upper portion of the cord shows degeneration of the posterio 
and of the direct cerebellar tract on both sides, 


PLATE XIX. 





Case 21. 


Tumour of the left lobe of the cerebellum. ` (Fibro-sarcoma.) 
The cord shows no degeneration, 


PLATE? 








Tumour of the middle lobe of the cerebellum. ` (Alveolar-sareoma. i 
The cord shows some degeneration of the posterior columns in the cervical 
region, | 








in the dorsal, and very little in the lumbar. 


PLATE XXI. 














Casm 23, 


Tumour of the right lobe of the cerebellum which has undergone cystic 
(GrHo-sarcoma.. } 






The cor marked 


in the cervical reg 





PLATE XXII. 





Casi 44. 


cerebellum, | (Giioma.) 
rior columus, most marked 
ion. 





Tumour of the left lobe of th 
The cord shows slight degeneration of the pos 
in the postero-external columns in the cervical reg 








PLATE XXIII. 





a TUM S 











n (Glo-sarcoma), 
imus in the lumbar, 


Tumour of the choroid plexus and left latera 
The cord shows degeneration in the posterior ¢ 
dorsal and cervical regions. 






PLATE XXIV. 





TASTE 90. 





Tumour of the right optie thalamus, (Tubereulous.) 
The cord shows marked descending degeneration in the eros 
tract on the left side, aud slight degeneration in the posterior ¢ 
ical and dorsal r 

D 











1 4113 
ium 








eer 





PLATE XXV. 





Case 27. 


Tumour of the right optic thalamus and corpora quadrigemina, (Round. 
celled sarcoma.) 
The cord s 





Iowa marked degeneration of the posterior columns from the 
lumbar to the cervieal region. 


PLATE XXVI. 





Case 98, 


Glioma of the pons. The photograph is taken from a transverse section 
through the pons stained by the Weigert-Pal method. The transverse fibres 
of the pons can be sean separated by the infiltrating growth. 

The cord shows no degeneration. 















PLATE XXVII. 





Case 20, 


Cyst of the choroid plexus growing into the 3rd ventricle, 
The cord shows no degeneration, 
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X puse 
Table of Cases. 
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Case 1.—J. H., a lady’s maid, aged Bi years, was admitted 
into the National Hospital under the care of Sir William Gowers, 

' on July 15, 1898, complaining of headache, vomiting and dimness, 
of sight. Her family history was unimportant. ‘With the 
exception of some attacks of- neuralgia in the forehead, and 
two slight attacks of influenza, her health had’ always ‘been 
excellent. 

In March 1898, after an attack of sea-sickness, she first | 


noticed severe headache ‘behind the eyes" and pain running ` 


down the back of the neck. The headache contmued and 
increased in severity and she vomited daily for three months; 
the emesis bearing no relation to. meals. 

Two months later, she constantly saw double, and noticed 
' that her sight was getting dim. No other symptom was com- 
plained of. 

When admitted, she was healthy-looking and of very good 
intelligence. She stated that she was losing her memory, 
and that but for the headache and double vision she felt. 
perfectly well. ` 

Taste, smell and hearing were normal. 

Vision $, J, with either eye. Visual fields and colour vision 
were good. Intense double optic neuritis with many hsemor- 
rhages and much exudation. 

Pupils normal. „Weakness of right external rectus with 
' corresponding diplopia. 

Motion, gait, objective sensation, normal, Knée, wrist and’ 
elbow-jerks present and equal ; plantars sluggish. : 

On June 19, on waking in the morning, she began to talk ` 
noisily and incoherently and had varied delusions. Face flushed, 
pupils dilated R. > L. No mental aberration had been present 
till this time. The delusions were present for three days. d 
. On June 28 the following note was made: No delusions.’ 
Mental state normal. Pain much less. Visual fields markedly 
contracted. Weakness of both external: recti., N o other symptom 
had appeared, knee-jerks present. 


i 
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July 7. She was much better. Mental state good. Head- 
ache slight. No fresh symptoms. She was sitting up and 
about the ward. 

July 18. Much worse, no further symptoms. Mental state 
petulant and childish. 

August 20. Much worse, and mentally heavy and dull. 
Knee-jerks present and equal. No further symptoms. 

August 23. Difficulty of swallowing. She gradually became 
comatose, and died of respiratory failure. 

Duration of symptoms five months. ` 

Description of tumour (plate i.).—Thero was general flattening 
of the convolutions. The anterior portion of the falx was 
infiltrated by new growth and adherent to the superior frontal 
convolution. A large tumour was present in the left frontal lobe 
and was of a dark reddish colour with small dark areas within it. 
The growth was irregularly circular, and measured about 5 cm. 
in diameter, it had a sinuous outline and sharply defined limits 
except posteriorly where it merged into the normal brain tissue. 
The tumour had made its way across the middle line and was 
pressing on the inner border of the opposite hemisphere. 

Microscopical examination (plate i.).—At the level of thé 
corpora quadrigemina there was a small area of softening just at 
the outer angle of the fillet. a 

In a section taken through the middle of the pons, a bundle 
of degenerate fibres can be seen on the outer side of the fillet 
passing in a dorsal direction. There were some scattered 
degenerate fibres in the posterior longitudinal bundles, and in 
the pyramids. 

At the level of the olive there was marked degeneration in 
both restiform bodies, and toa slight degree in both pyramids. 
The twelfth nerve was also degenerate on one side. The fibres 
of the fillet were practically free from any degeneration. 

At the level of the posterior column nuclei there was marked 
degeneration in both the funiculus gracilis and cuneatus, and 
this was more marked in the latter than in the former. Marked 
degeneration was also present in the direct cerebellar tracts of 
both sides. The pyramids showed very little degeneration. 

In the upper cervical region of the cord there was very 
marked degeneration in the postero-external and postero-internal 
columns of the cord and also in the direct cerebellar tract, but 
the pyramids showed very little degeneration. Below the level 
of the second cervical root there is very little degeneration in 
the direct cerebellar tract, but in its place there is a band of 
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degenerate fibres lying.between this tracb and the pyramidal 
tract and this band extended forwards into the antero: lateral 
tract, 

In the lower sapien: region the degeneration in the posterior 
columns was still more marked, and that in the pyramidal tracts 
seemed rather to increase than diminish when traced downwards 
to the mid-dorsal region, but below this point the degeneration in 
the pyramidal tracts became progressively less marked. 

In the lumbar region there was slight degeneration in the. 
posterior columns and also in the crossed pyramidal tracts. 

The degeneration extends into the posterior roots in the 
cervical region, but it is by no means so marked as that in the 
posterior columns, 

By the Weigert-Pal method the cord appeared normal, and 
Clarke's column and Lissauer’s tract were also normal. 

Nature of growth.—The growth was composed of cells of 
varying shapes and sizes, some being triangular with a fine 
prolongation, and they were rather closely packed together—the 
prolongations of the cells forming a matrix in which the cells 
lay. The growth was not very vascular and in the portion cut 
seemed fairly uniform in structure (glio-sarcoma). 


Case 2.—K. N., aged 44, was admitted into the National 
Hospital under the care of Dr. Beevor, on October.8, 1899. 

The patient had complained of headache for six weeks, worse 
at night and paroxysmal in character, and he had vomjted on 
one occasion. Three weeks before admission he went to a con- 
valescent home and while there became dull and stupid, his 
eyesight began to fail and he staggered. ‘He had fallen on two 
occasions hitting the left side of his head. 

On admission he was very stupid, fatuous and very emotional. 
He could answer questions but not always correctly, and his 
articulation was very indistinct. He could name objects, but 
appeared unable to read printed or written words. He could 
write to dictation but could not copy nor could he read what he 
had written. Both optic discs showed intense optic neuritis. 
There was no loss of motor power or ataxy in the limbs or trunk, 
-but the gait was unsteady and he tended to fall backwards and 
to the left. The knee-jerks were brisk and equal, and there was 
no ankle clonus. The arm-jerks were normal and equal, the 
plantar reflexes were lively and equal. Three days after admis- 
sion he rapidly became comatose; the limbs became flaccid; 
the knee and arm-jerks could not be obtained and he died on 
October 6. 
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Description of tumour (plate ii.).—There was flattening of the 
convolutions, and situated in the left frontal was a tumour 
occupying the second and adjacent parts of the first and third 
frontal convolutions. The dura’ mater was adherent over its 
surface. On section an oval tumour measuring 6 em. in the 
antero-postero diameter, and 5:5 cm. in the transverse direction, 
was seen reaching almost to the middle line, but not extending 
far enough back to affect the ascending frontal convolution. 

Microscopical examination.—The cord appeared perfectly 
normal by the Marchi, Weigert-Pal and by the blue-black 
methods. 

, Nature of growth.—The growth was composed of large cells 
of irregular shape and size, among which were situated areas of 
a substance which took the stain badly, and in these regions the 
cells were broken up into & kind of débris. The growth was not 
vascular, and the coats of the vessels surrounding the growth 
were thickened. The appearance of the growth did not suggest 
& gumma but a mixed cells sarcoma undergoing degeneration. 
(Mixed celled sarcoma.) 2 


Case 3.—B. K. was admitted to the National Hospital under 
the care of Dr, Bastian, on November 14, 1898. Two and a-half 
years previous to admission she suddenly fell down in the street 
and lost consciousnegs for a few minutes, and during the following 
fortnight she had two fits of a similar nature. Since that time 
she had had no more fits but had suffered from attacks of giddi- 
ness, for which she. attended the out-patient department for 
eighteen months before admission. During the month of 
October, 1898, she was noticed to be mentally dull, and in the 

“early part of November it was noticed that she used wrong 
words and complained of slight headache. On the morning of 
“November 13 she was very drowsy, and on the following day 
was admitted to the hospital. 

On admission the patient was found to be a well-nourished, 
healthy-looking girl. She lay in bed in & semi-comatose condi- 
tion. There was complete paralysis of the right sixth nerve and , 
nearly complete paralysis of the left sixth nerve. There was 
recent optic neuritis in both eyes. The left lower face did not 
move so well as the right. Motion and sensation in the trunk 
and limbs were natural. The knee-jerks were not exaggerated, 
the left being rather more easily obtained than the right. The 
elbow and wrist-jerks were brisk and equal. The plantar reflexes 
gave a flexor response. There was no aphasia. She rapidly 
became comatose and died seven days after admission. (The 
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. ease was fully reported by Dr. Collier in the Lancet, March 26, 
1899.) 

Description of twnour.—The ,dura mater was adherent to 
the anterior part of the left temporo-sphenoidal lobe, the lepto- 
meninges at the base of the brain showed considerable thickening. 


- and there was recent meningitis over the posterior extremities 


of the second and third left frontal convolutions. A growth was 
‘found involving the inferior margin of the second left frontal 
convolution, and the whole of the posterior part of the third left 
frontal convolution and also the anterior part of the first left 
temporo-sphenoidal convolution. The growth measured 3:7 
by 3 om. d 

Microscopical examination of the cord.—The cord sppeared 
perfectly normal by the Marchi and Weigert-Pal methods. Nó 
degeneration was present in the posterior roots. à 

Nature of growth.—The growth was composed of small round 
cells staining deeply, and areas evidently undergoing degenera- 
tion in which little or no structure was visible. There were 
rounded areas with definite walls filled with what appeared to 
be young fibrous tissue, and some of these contained badly formed 
giant cells. They were probably thrombosed vessels in which 
organisation of the clot has taken place. The walls of the vessels 
were very much thickened. (Gumma.) ' 


. Case 4.—L. L., a servant, aged 17 years, was admitted into 
the National Hospital under the care of Dr. Hughlings Jackson, 
on January 12, 1899. When in apparent good health in July, 
1898, she had a fit commencing in both hands, consciousness 
being lost late. A week later a similar fit occurred. In August, 
1898, severe headache and vomiting set in. These symptom’ 
improved greatly under treatment with mercury and iodide of 
potassium. j 

On admission she was intelligent and her memory was good. 
Vision 4$, badly, and Jaeger 4 with either eye. Intense double 
optic neuritis. Marked spontaneous nystagmus increased on 
lateral deviation. 

Cranial nerves, motion, gait, sensation and ‘sphincters were 
normal. Knee, wrist, and elbow jerks were present and equal. 
She began to develop slight signs of mental weakness, but no 
other signs appeared up till the time of her death, from a sudden 
attack of coma, on June 28, 1898. 

Duration of symptoms, eleven months. 

Description of tumour (plate ii.).—On the inner side of the 
skull, situated over the centre of the tumour was an exostosis of 
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pyramidal shape, which had caused a depression in the dura 
mater. There was some flattening of the convolutions, and the 
dura mater was firmly adherent over a large tumour situated in 
the right hemisphere extending from the middle line and involv- 
ing the superior and middle frontal convolutions in their posterior 
part. The greater portion of the tumour lay anterior to the- 
` ascending frontal convolution, but one small nodule extended ` 
into it. A vertical section made through the tumour showed 
that it extended deeply into the cerebral substance. The corpus 
callosum was pushed downwards and the tumour bulged into the 
longitudinal fissure, causing a depression in the opposite hemi- 
sphere. The lateral ventricle of the right side was pressed upon, 
but there was no distention of either ventricle. The fibres of 
the internal capsule had escaped direct involvement by the 
tumour. 

Microscopical examination (plate iii.).—By the Marchi method 
there was practically no degeneration in the sacral, lumbar and 
lower dorsal region of the cord. . In the upper dorsal region there 
was slight degeneration, which increased in the cervical region. 
The degeneration was almost entirely confined to the postero- 
external column, and could be traced up to the nucleus cuneatus, 
where it ceased and sections above this level showed no degen- 
eration. f 

By tho Weigert-Pal method the cord appeared perfectly 
normal, and by the Nissl method no abnormality could be de- 
tected either in the cells of the anterior horn or of Clarke's 
column. i 

Nature of iwmowr.—The tumour was composed of spindle 
cells with large nuclei and these cells had an irregular alveolar 
arrangement, numerous cell nests being scattered irregularly 
throughout. The growth was a psammoma, 


Case 5.—J. T., & compositor, aged 32 years, was admitted 
into the National Hospital under the care of Dr. Bastian, on 
December 5, 1898. Jacksonian attacks of the right face had 
been present for ten years. In May, 1898, an attack of left 
sided convulsions followed by transient left hemiplegia, occurred. 
Frequent left sided attacks then followed and he gradually be- 
came hemiplegic on the left side and also weak on the right side. 
Soine slight headache had been present for a year. 

On admission the condition "was as follows :—Mental state 
intelligent. Optic neuritis of long standing. Marked left 
hemiplegia (leg and foot most affected). Slight right hemiplegia 
(leg and foot most affected) Trunk muscles very weak. No 
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anesthesia. Knee, wrist and elbow jerks present, L.> R. Left 
foot clonus. There was a large hard swelling about the size of 
an egg, and continuous with the skull, most prominent at about 
the middle of the sagittal suture, and tender to hard pressure. 

He had Jacksonian attacks, beginning sometimes in the left 
foot and sometimes in the muscles of the left side of the abdomen. 
Later on he had similar attacks beginning in the right foot. 

An operation was performed, and a large amount of growth 
was removed, but the tumour which was situated in the great 
longitudinal fissure was too extensive for extirpation. He died 


‘on February ‘18, 1899. 


Duration of symptoms: epilepsy ten years; hemiplegia ten 
months. 

` Description of tumour (plate iv.).—A large opening was present 
in the skull, extending across the middle line of the vertex, this 
portion of the calvarium having been removed at the time of 
operation. The longitudinal sinus was blocked by a mass of 
growth. On the right side of the brain there was a large softened 
area corresponding to the tumour removed, and on the opposite 
side close to the middle line was another mass of growth evidently 
of the same nature. The dura mater was adherent to ihe brain 
around the edges of the wound. A transverse section was made 
across the brain and this showed a large tumour involving and 
growing from the dura mater extending for 4 cm. into the left 
hemisphere unmediately to the left of the longitudinal fissure. 
On the right side the growth did not extend so deeply, being only 
about 8 em. from the surface (a large portion of the growth had 
been removed from this situation by operation). The growth 
was firm and hard, and was not very vascular. It was definitely 
limited and did not infiltrate the brain. The growth measured 
18 em. in longitudinal direction, 8 em. in a transverse direction, 
and 4 om. in its greatest depth, and involved both the frontal 
and parietal lobes. 

Microscopical examination (plate iv.).—By the Marchi method 
the cord and medulla showéd descending degeneration in the 
crossed pyramidal tracts of both sides, and also in the direct 
pyramidal tract, but this was more marked on the left side than 
the right; the degeneration could be traced down to the lumbar 
region. There was no posterior degeneration in the cord below 
the level of the second ‘cervical roots, but at this level two 
degenerate roots could be seen entering the cord. Iù the 
segment above this there was marked degeneration both in 
Goll’s column and Burdach’s column, and this could be traced 
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up to the medulla. From the affection of both tracts it would 
seem probable that damage to the cervical cord was wider than 
indicated by the section at that level. Degeneration of the 
anterior roots also was present at that level. Some degenerate 
fibres were present in the raphe in the upper portion of the 
medulla, 

By the Weigert-Pal method the posterior columns of the cord 
at tha level of the second cervical were very pale, but no change 
could be found in the lower portion of the cord. When stained 
by aniline blue black, the cells of the anterior horn and of 
Olarke’s column appeared normal. At the level of the second 
cervical there weng an increase of fibrous tissue around the 
posterior fissure, but not affecting so wide an area as that shown 
by the Weigert-Pal method. 

Nature of growth.—The tumour consists of spindle cells with 
large nuclei and irregular and indefinite alveoli. (Alveolar 
sarcoma.) 


Case, 6.—J. W., aged 26, was admitted into the National 
Hospital under the care of Dr. Ormerod, on August 15, 1899. 

For the two years previous to admission, the patient had 
suffered from- fits followed by attacks of vomiting, and for the 
last thirteen months of this period he had had otorrhea. He 
had had syphilis two to three years. ago. He attributed his 
illness to a blow on the ear two and a-half years ago, but he 
said that he had been deaf previously to this. 

On admission he was a big muscular man with a defective 
memory and a confused mental state. There was extreme 
double optio neuritis. Hearing was defective in the: left ear. 
He could only stand with difficulty, and tended to fall to the 
left and backwards when his eyes were closed, but he could, 
however, walk fairly straight. He was a left-handed man. All 
movements were well performed, but the right hand was stronger 
than the left. Sensation was normal. Reflexes: The elbow 
jerks were increased. ‘The knee-jerks were increased and the 
right was somewhat greater than the left. There was no ankle 
clonus, and the plantars gave a flexor response. There was 
some. tenderness over the left mastoid. The temperature was 
subnormal. The patient was trephined over the left temporo- 
sphenoidal lobe, but nothing was found, and he died on the 
following day. 

Description of tumour (plate v.).—There was an opening in 
the skull over the left temporo-sphenoidal lobe. The convolu- 
tions were flattened. There was considerable destruction of the 
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left temporo-sphenoidal lobe due to the operation. The right 
superior frontal convolution was broad and flattened, and on 
palpation felt hard, and it was obvious that a large tumour 
occupied the right frontal region, and it could be seen bulging 
into the longitudinal fissure and compressing the cerebral hemi- 
sphere of the opposite side. On section, a cystic tumour con- 
taining yellowish gelatinous material was found to occupy the 
right frontal region. ‘The tumour measured 6 x 5 cm., and 
appeared to have a fairly definite margin. Besides a large cyst 
there existed numerous smaller ones situated in the peripheral 
portion of the growth. The growth extended across the middle 
line and lay between the corpus striatum and the corpus callosum. 
The basal ganglia on the right side were pressed backwards. 
The grey matter of the cortex in the frontal region was very thin 
and presented no clear line of demarcation from the white 
matter, - 

On careful inspection of the spinal cord it was seen that the 
fifth left lumbar root was grey and thin a compared with the 
corresponding root on the other side. No other root appeared 
to have been affected. 

Microscopical examination (plate v.).—By the Marchi method 
there was degeneration of the fifth left lumbar root and the de- 
generate fibres from this could be seen at the level of the third 
lumbar root. The number of degenerate fibres, as seen by this 
method, was comparatively small when compared with the 
marked degeneration as shown by the Weigeri-Pal method. 

The degeneration could be distinctly traced up to the mid- 
dorsal region, above which, however, it becomes very little 
marked, while at the level of the second cervical root there was 
practically no degeneration. There was no degeneration in the 
funiculus gracilis and cuneatus. ' 

Weigert-Pal. By this method the degeneration of the fifth 
left lumbar root was well seen, and a band of degeneration could 
also be seen at the level of the third sacral. The lower segments 
however, showed no change. In the, mid-dorsal region the 
column of Goll was distinctly paler on the left side than the 
right, but both the columns of Goll are paler than the columns 
of Burdach. In the cervical region the same condition was 
present, and fhe same change could be seen in the funiculus 
gracilis. No distinct change could be detected in Lissauer’s 
tract. 

By the Nissl method the cells of the anterior horn and of 
Clarke’s column appeared normal, At the level of the third, 
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lumbar root the cells were fewer on the left side than the right, 
but this condition was not striking. 

An increase in the glia tissue about the degenerate root could 
also be seen by this method. 

Nature of growth.—The growth was composed of a loose 
meshwork with irregular nuclei scattered sparsely throughout 
its substance. There were large areas of but slightly stained 
tissue, often surrounded by nuclei. These were probably portions 
of the tumour undergoing hyaline degeneration, as they closely 
resembled the hyaline tissue seen in the most degenerate portion 
of the tumour. (Glioma.) ` 


Case 7.—W. 8., aged 30, a dairyman, admitted into the 
National Hospital under the care of Dr. Beevor on July 18, 
1898. He had been suffering from Jacksonian attacks in the left 
arm and face with progressive brachio-facial monoplegia for 
eleven months; headache and vomiting seven months; mental 
derangement two months. 

On admission he was drowsy and delirious. Moderate double 
optic neuritis. Conjugate deviation to right. Marked brachio- 
facial monoplegia of left side. Left leg slightly weak. Anæs- 
thesia of cortical type in left upper limb. Intense pain and 
great tenderness immediately above the right ear. Wrist and 
elbow-jerks L. > R.; knee-jetks brisk L. > R.; left foot 
clonus. 

On July 24, Mr. Horsley removed a large tumour from the 
right motor area. The wound healed by first intention. The 
patient became maniacal and died suddenly on August 29. 

Duration of symptoms twelve months. 

Description of tumour (plate vi.).—There was an opening into 
the skull on the right side, and a large gap in thé cortex of the 
same side, measuring about 8-5 cm. across; inferiorly, it involved 
the superior temporal and hinder part of middle temporal convolu- _ 
Hong, A horizontal section into the hemisphere showed that the 
external capsule and the outer part of the lenticular nucleus had 
been removed, but that the internal capsule had itself escaped in 
its entire extent. 

Microscopical examination (plate vi.) —Maxchi’s method showed 
recent well-marked degeneration in the right pyramid, above the 
decussation and in the corresponding direct and crossed pyramid 
below that point. No degeneration was present in the posterior 
columns. By the Weigert-Pal method the cord appears perfectly 
normal, . 

Growth not examined. 
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Case 8.—R. B., aged 32, was admitted to the National Hospital, ` 
under the care of Dr. Tooth, on December 10, 1897. , 
Two months before admission he had had a fit, commencing 


in the left great toe, spreading to the hip ; this lasted ten minutes, 


Ehe ag being unaffected. There was no loss of consciousness. 
On the following day the patient had’ had two similar attacks, in 
the second of which he lost consciousness. The fits have recurred 
every seven to ten days. After the third fit there was weakness 
of the left arm and leg. Headache had been _present for two to 
three weeks, but there had been no vomiting.  ' 

On admission there was optic neuritis, weakness of the left 
side of the body, and slight left hemianmsthesia.-. The left knee- 
jerk was greater than the right; there was ankle-clonus on the 
left side. The optic neuritis and the weakness increased, and in 
February Mr. Horsley removed a large tumour from the right 
motor cortex. In April he could walk with assistance; and went 
home for a time. He returned again in June, with a hernia 


- eerebri, and the wound was again opened up. He died about 


& month later, the hernia still pressing through the opening in 
the skull.  ' . 

Description of tumour (plate vii.).—A large opening was present 
in.the skull on the right side, the result of the operation. 
Through this opening a large fungating mass of brain substance 
protruded; the convolutions were much flattened. The right, 


` erus Was much flattened and diffluent. ‘The cerebellum and 


pons were normal. The brain was out by transverse section, and 
a large tumour, measuring 9 em. in the antero-posterior diameter, 
by 7 em. in the lateral, diameter, was seen to occupy the whole 
of the middle third of the right hemisphere. The tumour extended 
from the surface to the longitudinal fissure, and involved the falx 
cerebri and the hemisphere of the opposite side to a slight degree. 
The tumonr was firm, hard, and white in appearance, with 
numerous irregular cavities situated throughout its substance. 
The margins of the tumour were fairly clearly defined. 
Microscopical examination (plate vii.)—By the Weigert-Pal 
method, sections of the medulla and spinal cord showed very 
marked degeneration in the left crossed and the right direct 
pyramidal tract ` the degeneration extended down to the lumbar 
region ; no degeneration could be seen in the opposite pyramid 
by this méthod. By the Marchi method, the most marked . 
degeneration was in the crossed pyramidal tract of the right 
side, i.e., on the opposite side to the most marked degeneration, 
as shown by the Weigert-Pal Ges "There were a few BS 


4 
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rate fibres on the left side and also in the posterior columns; 
such degeneration being scattered and rather more marked in the 
cervical than im the dorsal or lumbar regions. 

Nature of growth.—The growth was composed of cells of 
varying size and shape, among which strands of newly-formed 
connective tissue could be seen. Towards the margin of the 
tumour this merged into dense and well-formed fibrous covering, 
resembling the structure of the dura mater. (Mixed cell sarcoma.) 

Case 9, —Li. G., aged 15 years, was admitted into the National 
Hospital, under the care of Dr. Beevor, on July 11, 1898. The 
family history was unimportant. Her health, up till the com- 
mencement of this illness, had always been good. In December, 
1897, she began to vomit daily. In March, 1898, severe vertical 
headache first occurred and persisted, and she had diplopia. In 
June, 1898, she gradually became completely blind. 

When admitted she was a healthy-looking child, and was able 
to get about. Intelligence good. No fits. Vision reduced to 
slight perception of strong light. Intense double optic neuritis 
becoming atrophic. Slight nerve deafness in right ear. The 
cranial nerves, limbs, trunk, sensation, and sphincters were 
normal, Gait normal. Knee, wrist, and elbow-jerks present 
and equal. On July 12 the knee-jerks could only be obtained 
with reinforcement. On August 1 the left knee-jerk was absent, 
' as were the wrist and elbow-jerks. The right knee-jerk was a 
mere flicker. After this time she constantly complained of severe 
, aching pain in the legs, from the knees down. The knee-jerks 
remained absent, but on a few occasions a trace of the right knee- 
jerk was obtained by reinforcement. On August 20 nystagmus 
and slight right facial weakness were noticed. The pains in the 
legs were troublesome, and came on in sharp twinges. No 
further localising signs appeared. She became comatose, and 
died on October 13. 

Duration of symptoms ten months. 

Description of tumour (plate viii.),—The convolutions were flat- 
tened and a small cystic projection was noticed on the inner 
border of the lower surface of the left temporo-sphenoidal lobe 
which proved on further examination to be the dilated horn of 
the lateral ventricle. After hardening in formalin,,a horizontal 
section was made through the cerebral hemispheres so a8 to expose 
‘the capsule. The lefi hemisphere was seen to be occupied by a 
very large growth which extended from the tip of the occipital 
lobe to about 6 cm. from the tip of the frontal lobe. There was 
a hemorrhage situated in the anterior portion of the growth. 
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The growth was yellowish grey in colour with a few punctiform 
hemorrhages and measured 12 cm. by 6 cm., The right lateral 
ventricle was dilated. ‘The examination of the other organs was 
negative. ! 

Microscopical examination (plate viii.).—Bythe Marchi method, 
there was marked degeneration in both the postero-external and 
internal columms in the lumbar region.’ In the dorsal region 
the degeneration was most marked in the cornu commissural 
zone, while in the cervical region the degeneration was most 
marked in Burdach’s column, and could be traced up to the 
funioulus gracilis and cuneatus, where it was evenly distributed 
throughout both bundles. The direct cerebellar tract showed no 
degeneration. The other tracts of ‘the cord appeared normal 


.though there were perhaps one or. two degenerate fibres in one 


pyramid. No degeneration could be traced above the posterior 


, column nuclei. The posterior nerve-roots showed well-marked 
‘degeneration, and the degeneration was most marked in the 
„eighth cervical and first dorsal. ‘ 


"By the. Weigert-Pal method the cord appeared ' perfectly 


`. normal, and by the blue-black method the cells of the anterior 


horn appeared normal. Clarke’s column and mor tract 
alag appeared normal , ' ' ' 

' Naturé of growth.—The growth was BE ot irregular 
spindle-shaped cells, with small areas undergoing hyaline de- 


generation. Other areas had undergone a caseous degeneration 


. and it was only at the outer margin'of the tumour-that the true 


nature of the growth was.visible. (Mixed celled sarcoma.) 

Case 10.—A. 8., ‘aged 12, was admitted on September 22, 
1898, into the National Hospital, under the care of Dr. Buzzard. 

Four months before admission, after an attack of influenza, 
she began to have frequent attacks of petit mal. She would 
suddenly turn pale and look strange, and say ‘I feel so funny." 
A fortnight later it was noticed that in some of the attacks the ' 
left arm twitched. 

` She was sent to the Meath Home for Epileptics, and when 
admitted there she was constantly falling asleep at all times of 
the day, though quite bright and natural when awake. It was 
then noticed that she did not use the left side of her face in 
talking so well as the right. 

A month before admission her sight began to fail rapidly. . A 
fortnight later paroxysms of vomiting began for the first time in 
her illness. She had had no headache until two days before . 
admission. On admission she was obviously very ill Her 
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mental state was intelligent. Speech and articulation were 
normal, She had frequent Jacksonian attacks, beginning some- 
times in the left face, sometimes in the right face, sometimes in 
the right hand and sometimes in the left hand, remaining always 
confined to the side on which the attack commenced. She was 
quite conscious and able to speak during the attacks. Taste, 
smell and hearing’ were normal. There was intense optic 
neuritis showing & commencing subsidence into atrophy. There 
was absolutely no light perception, There was complete palsy 
of the right third and sixth nerves, and partial palsy of the left 
third and sixth nerves. There was very slight weakness of the 
left lower face and of the left arm. There was absolutely no 
weakness of the legs, and her gaib was natural. There was no 
localised cranial pain or tenderness. Sensation was natural. 
The knee, wrist and elbow-jerks were absent and were never 
obtained up till her death. The plantar reflex on the right side 
gave a marked flexor response, that on the left side a vigorous 
extensor response. This condition of the plantar reflex persisted 
till the day before death, two months later, when she became 
deeply comatose, and the extensor response was present on both 
_ sides, but was much more marked on the left side. 

A month after her admission she dragged the left foot slightly 
in walking, but after this the hemiplegia did not progress. 

For six weeks after admission the clinical aspect of the case 
did not alter. She was up and about the ward. She did not 
suffer much pain, and her mental state was intelligent. She was 
never ataxic. A fortnight before death she gradually became 
drowsy and from that time slowly sank into coma. 

Duration of symptoms six months. 

_ Description of tumour (plate ix.).—The brain showed marked 
flattening of the convolutions, and the under surface of the right 
temporo-sphenoidal lobe was seen to be the seat of new growth. 
The lobe was swollen and enlarged transversely. On section 
the right temporo-sphenoidal lobe was found to be infiltrated by 
new growth and the descending horn of the lateral ventricle 
was filled by it. There was some dilatation of the lateral 
ventricle on the left side. à 

Microscopical examination (plate ix.).—By the Marchi method, 
sections of the cord taken from the cervical, dorsal and lumbar 
regions showed well-marked recent degeneration in both posterior 
columns, and it was almost as marked in the lumbar as in the 
cervical region. In the dorsal region the dégeneration was most 
marked around the incoming roots, and in the lower and upper 
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cervical the degeneration was more marked in the columns of 
Burdach than in the column of Goll, though the degeneration 
was considerable in the latter column. The degeneration could 
be traced up to the level of the second cervical root (the cord was 
not available above this level). No degeneration could be found 
in the direct cerebellar tract. Some of the degenerate fibres that 
pass in by the posterior roots could be traced into the base of 
the posterior horns and ramifying there became lost among the 
cells of Clarke's column and also of the cells of the antérior 


‘horns. Posterior nerve roots: The posterior roots from the 


cervical, dorsal, and lumbar region all showed well-marked recent 
degeneration and this was slightly mote marked in the cervical 
region than in either the dorsal or lumbar region. By the 
Weigert-Pal method sections taken at various levels-in the cord 
show some degeneration in the posterior columns. In the upper 
cervical region the degeneration was more marked in the postero- 
external columns than in the postero-internal, but below this 
level the degeneration was evenly distributed. The degeneration 
as shown by this method, was not marked, but the columns are 
paler than the normal tracts. 

By van Giesson’s method the cells of the anterior horn 
appeared normal and there was no marked increase of the in- 
terstitial tissue in the posterior columns. Clarke’s column 
appeared normal, but Lissauer’s tract contained some degenerate 
fibres. 

Nature of growth.—The growth is composed, of cells of 
irregular shape lying in a matrix of fine fibrils. (Glioma.) 


Case 11.—E. H., a coach-builder, aged 21 years, was admitted 
into the National Hospital under the care of Dr. Beevor on 
March 4, 1899. The family history was unimportant, and his 
health had been good until September, 1897, when headache, 
vomiting, diplopia, and failure of sight set in. ‘Seven months 
later he had become completely blind. ‘The headache and 
vomiting persisted, and in February, 1899, he became deaf in 
the left ear, and the left’ side of the face became paralysed, 
and he became very somnolent. ` 

On admission he was somnolent, and his cerebration was slow. 
Speech normal. Taste and smell absent. Vision, no light per- 


: ception. Complete post-neuritic atrophy of discs, Absolute nerve 


deafness in left ear. Divergent strabismus, the left eye looking 
down and out. Conjugate deviation to right was very feeble, and 
accompanied hy slow long-range nystagmus. Marked paralysis 
of left face, both upper and lower. Electrical reactions of face 
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normal. Head retraction. Muscles of neck rigid. ‘Slight weak- 
ness, tremor and incoordination of left arm. Gait normal, occa- 
sionally he staggered to the left. Sensation normal. Xnee-jerks 
not well marked. Wrist and elbow-jerks absent. Double extensor 
response in plantars. Trephining for the relief of the intra-cranial 
pressure was resorted to and the lateral ventricle aspirated. 
Death fiom respiratory failure on March 27, 1899, 

Duration of symptoms eighteen months. 

Description of tumour (plate x.).—A large trephine hole existed 
over the left lateral lobe of the cerebellum. The skull was 
thinned almost to paper thickness on the right side of the middle 
fossa. The right temporo-sphenoidal lobe was noticed to be very 
adherent to the dura mater at its apex, and after removal of the 
brain from the cranial cavity alarge encapsulated tumour measur- 
ing 7 by 7 em. was seen to occupy the right middle fossa. It 
compressed the right temporo-sphenoidal lobe, and lay almost 
loose in the cavity so formed. It was firm, hard in consistence, 
and intimately adherent to the dura, from which it appeared to 
‘grow. All the other organs in the body were healthy. 

Microscopical examination (plate x.).—By the Marchi method 
there was marked degeneration in the posterior columns from the 
sacral to the cervical regiou. In the lumbar region the degener- 
ation was most marked in the postero-external columns, very 
little being seen in the postero-internal column. In the cervical 
region, although the degeneration was most marked in the postero- 
external columns, yet there was also considerable change in the 
postero-internal column. The degeneration could be traced up 
to the funiculi gracilis and cuneatus. In the region of the olive 
there was some degeneration in the ascending root of the fifth of 
one side. In the pons there was practically no degeneration, 
_ although some black dots could be seen in the fillet. No change 
could be found in the pyramidal system, and no degeneration 
existed in the direct cerebellar tract. There were, however, some 
degenerate fibres in Lissauer’s tract. 

Posterior nerve-roots: In the cervical region one or two 
degenerate fibres could be seen, but the degeneration was very 
slight when compared to that in the cord, and in the dorsal and 
lumbar roots no degeneration could be found. By the Weigert- 
Pal method, apart from appearing paler than normal, the posterior 
columns showed no change. 

No abnormality could be detected either in the cells of the 
anterior horn or of Clarke’s column by Nigsl’s method. 

Nature of growih.—The growth consisted of spindle-cells with 
large nuclei and alveolar spaces. (Spindle-celled sarcoma.) 
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Case 19.—R. B., a clerk, aged 84 years, was admitted into the 
National Hospital under the care of Sir William Gowers on : 
February 3, 1899. Seven weeks before admission, when in good 
health, he was suddenly seized in the night with headache, vomit- 
ing, and delirium. Severe pain in the right side of the head and 
vomiting persisted, and he had four or five slight fainting attacks, 
followed by mental peculiarity lasting some minutes. Fourteen 
days before admission his sight began to fail, On admission his 
mental state was facile and grandiose, not unlike that often seen 
in “general paralysis.” Intense double optic neuritis. Weak- 
ness of both external recti and of the left side of face (cerebral 
type). Slight weakness and some tremor of left arm. Left wrist 
and elbow-jerk absent. Knee-jerks present L. > R. Plantar 
reflexes, flexor responses. The skull was opened for the relief of 
optic neuritis. 

Subsequently severe left hemiplegia came on gradually, and he 
died of respiratory failure on April 17. 

Duration of symptoms four months. 

Description of tumour (plate xi.).—An opening in the skull was 
present over the right cerebellar region. There was marked flat- 
tening of the convolutions. Some adhesions to the dura mater 
were present over the right temporo-sphenoidal lobe. On examin- 
ing the base of the brain the right temporo-sphenoidal lobe was 
found to be implicated by a tumour which protruded through the 
cortex in the hinder portion of that lobe. The edges of the 
tumour were hard and raised, and presented an irregular surface. 
The cerebellum on the same side had lost a considerable amount 
of its substance along the posterior margin owing to the operation. 
No other abnormality was noticed in the cerebrum or medulla. 

On making & horizontal section through the brain a large 
tumour was seen occupying nearly the whole of the middle third 
of the brain on the right side. The margins of the tumour were 
ill-defined, and consisted of several layers, a pale yellowish central 
portion, a green translucent portion, and outside this the white 
tumour substance merged into the brain substance proper. The 
corpus striatum, the lenticular nucleus, and the internal capsule 
were all pushed forward by the tumour. The tumour measured 
6 by 6 cm. 

Microscopical examination (plate xi.).—(The examination of the 
head only having been allowed.) At the lowest point of the cord 
obtainable, viz., about the level of the first cervical root, there 
was marked degeneration in the posterior columns, Burdach 
being more affected than Goll. There was also degeneration in 
the decussating fibres of the pyramid. 
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In the medulla there was the same marked degeneration in 
the posterior columns, and there was also a good deal of diffuse 
staining, too general to be described in detail. i 

At the level of the olive there was a good deal of degeneration 
in the restiform body, and the substantia gelatinosa, and some 
degeneration in one pyramidal tract. 

At the level of the posterior corpora quadrigemina there was 
degeneration in the decussation of the superior cerebellar peduncle, 
and the fillet on the one side contained a few degenerate fibres, 
and on the other side numerous degenerate fibres. 

By the Weigert-Pal method the cord appeared normal. There 
' was, however, a small, very pale area situated in the peripheral 
portion of the antero-lateral tract (probably. a normal condition), 

Nature of growth.—The tumour. appeared to be an irregular- 
celled sarcoma. The cells varied greatly in size, and were set 
loosely apart. (Irregular-celled sarcoma.) 


Case 13.—G. H., a coachman, aged 64 years, was admitted 
into the National Hospital under the care of Sir W. Gowers on 
July 7, 1809. His previous health had been good. Five weeks 
before admission he was noticed to be mentally strange. This 
continued till a fortnight later, when, on getting into bed, he fell 
down and immediately vomited. The next morning he was 
noticed to have weakness of the right face. After this right 
hemiplegia and aphasia slowly came on. He gradually sank into 
a comatose condition, and died six weeks ‘after the onset of 
symptoms. Headache had not been complained of. Condition 
on admission :-—Double optic neuritis. Complete right hemi- 
plegia and aphasia, semi-comatose. The right knee-jerk was just 
obtainable, the other deep reflexes were absent. 

Duration of symptoms six weeks. 

Description of tumour (plate xii.).—The convolations were 
somewhat flattened. Situated in the left temporo-sphenoidal 
lobe was a spot over which the vessels were dilated and on palpa- 
tion, although the surface felt soft the subjacent tissue was hard 
and nodular. A similar patch existed in the situation of the left 
angular gyrus.  The.right lateral sinus was absent from its 
origin to the torcular herophili. On making a horizontal section 
through the brain, two, tumours were seen, the one occupying 
the posterior part of the first and second temporo-sphenoidal 
convolutions of the left side, and extending deep into the 
cerebral substance, the other occupying nearly the whole of the 
anterior part of the temporo-sphenoidal lobe. This growth was 
entirely separate from the other tumour, and had undergone 


. 514 ORIGINAL ARTIOLES AND: CLINICAL CASES 


some hyaline change. The lateral ventricles were not distended. 
The growth itself was hard and yellowish in colour, without 
distinct margins and obviously infiltrating the surrounding brain 
tissue. The one growth measured 5 by 8 cm. and the other 

2 by 2 om. ‘ 

Microscopical examination (plate xii.).—By the Marchi method 
the lumbar and sacral region of the cord appeared perfectly 
normal. In the dorsal region there were a few degenerate fibres 
in the posterior columns, and in the upper cervical region there 
was a marked area of degeneration corresponding to about the 
fourth or fifth root on one side, This degeneration could be traced 
up to the funiculus cuneatus. The condition was present on both ` 
sides of the cord, but was far more marked on the one side than 
the other. There were also some degenerate fibres in the crossed 
' pyramidal tract of the same side,as that on which the greater 
amount of degeneration existed in the posterior columns. 

The degeneration was. slight when compared to some of the 
other cases. The posterior root ganglion examined was normal, 

By the Weigert-Pal method the cord appeared perfectly 
normal. lissauer's tract was normal. 

By the,Nissl method, although the cells in the anterior horn 
appear less numerous than normal, it could not be said that 
there was any pathological change. There were numerous ` 
corpora amylacea in the white matter of the spinal cord in all 
‘regions, but they were more numerous in the cervical than in 
other regions. These bodies were not visible by the Marchi or 
Weigert-Pal methods. Olarke's column was natural. 

Nature of growth.—The growth was very irregular, hamor- 
rhage having occurred into it at various points, and at others it. 
had undergone gelatinous degeneration. It was formed of a 
loose network with scattered nuclei. (Glioma.) 


Case 14.—H. E., aged 50, was admitted to the National 
Hospital under the care of Dr. Beevor, on July 81, 1899. 

One month before admission, her husband, on returning 
home one night, found her sitting in a chair, unable to move the 
right arm or leg, nothing was noticed in the face. She could 
speak correctly, but gradually lost sensible speech. She had had 
two or three attacks of vomiting since the onset of the illness, 
but had not complained of headache. She knew people about. 
her and could indicate her wishes. 

On admission, the patient could sit up in bed and could, talk . 
but not sensibly, about a week later she rather rapidly fell into 
a comatosed condition.. The pupils were small, the right being 
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somewhat larger than the left, and neither reacted to light. 
There was slight squint due to weakness of the left internal 
rectus. There was slight neuritis in the right eye. Sensation 
was impaired all down the right side of the body and the corneal 
and conjunctival sensation was also diminished on the right side. 
The right arm and leg were absolutely flaccid. Reflexes: The arm- 
jerk on the right side was not obtained, but was present on the 
left. The right knee-jerk was not obtained, but the left was 
present. There was no ankle clonus. The plantar reflex on the 
right side gave an extensor response, and on the left stimulation 
on the inner side of the sole gave a flexor response while on the © 
outer side an extensor response was obtained. 

The patient gradually became more comatosed and died, and 
on the last day of life neither the knee-jerks nor the plantar 
reflexes were obtainable. 

Description of tumour (plate xiii.).—There was flattening of the 
convolutions, especially in the region of the marginal and angular 

í gyrus of the left side. On the right side there was no flattening 
or the convolutions which on the other hand appeared rather 
shrunken, and there was considerable compensatory oedema. 
On examining the base of the brain it was seen that the left crus 
was of a grey colour, and very considerably wider than the right. 
A section was made in a horizontal direction through the brain 
and a large tumour was seen to occupy the left hemisphere 
measuring 5:5 by8em. The growth was situated in the posterior 
portion of the hemisphere, and extended forward to the hinder 
part of the left lenticular nucleus, and involved the left optic 
thalamus. The growth did not extend into the left lateral 
ventricle, but by its size had narrowed the limits of the ventricle. 
At no point did the growth reach the surface of the hemisphere. 
The growth appeared like a fleshy mass which had undergone 
yellow softening at its centre. The point of origin of the growth 
appeared to be about the optic thalamus. In a downward direc- 
tion the growth extended into the left crus and tegmentum, but 
did not involve the corpora quadrigemina. 

Microscopical Hxamination.—Marchi. No degeneration was 
found in the spinal cord either in the posterior or lateral columns. 
At the level of the olive only a very few degenerate fibres could 
be seen in the left pyramid and even in the pons where the 
growth actually invaded the Jet pyramid, degeneration could 
only be seen in the immediate neighbourhood of the tumour. 

By the Weigert-Pal method no change could be detected in 
the spinal cord or the medulla; in the pons, however, there was 
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a large area of unstained tissue situated on the left side, and 
which involved nearly the whole of the left pyramid, fillet; and 
superior cerebellar peduncle. 

By the Nissl-method no change ous be detected in the cells 
of the anterior horn. 

Nature of growth.—The growth was composed of elongated 
nuclei arranged in a somewhat irregular manner in bundles 
which ran in various planes. There was very little alveolar 
structure, the growth being uniform throughout, and it was 

moderately vascular. (Spindle-celled sarcoma.) 


Case 16.—W. W., aged 50, was admitted into the National, | 
Hospital, under the care of Dr. Tooth, on August 23, 1899. 
_. Twelve months before admission he fell from, a wall and 
. Struck the left side of his head, and ever since & week or two: 
after this he had complained of headache at the back of his : 
head. Six weeks after the accident he had a fit, in which he 
lost consciousness, fell, bit his tongue, and: was convulsed all 
over. After this the fits recurred every fortnight. There was 
no warning at firat, but his wife says that now he knows when 
a fit is coming on, and he has time to lie down. 

During the fourteen days preceding admission the patient 
had vomited, but previous to this the patient had had no 


,' vomiting. His eyesight had been, failing, and he had been 


“ strange in his head "' 

On admission be was in a confused mental condition, but ` 
could answer questions, and'used correct language. There was 
double optic néuritis with hmmorrhages. Both pupils reacted 
readily to light. There was slight right facial weakness, with 
distinct ptosis of the right eye-lid. Both arms and legs moved: 
normally, but the limbs were flaccid. 

Reflexes: Elbow and wrist-jerks were equal. The knee- 
jerk was present on the right side, and very difficult to obtain 
on the left. The plantar on the right side gave a flexor response 
while on the left it was sometimes absent, sometimes gave an 
extensor response. There was tenderness on pressure on the 
left side of thé cranium above and also behind the ear. 

The patient gradually became comatose, and died three oe 
after admission. 

Description of twmour (plate xiv.).—There was slight fuiste 
‘of the convolutions and very marked bulging in the left temporo- 
sphenoidal region. The convolutions were broader than normal, 
and there was obviously a tumour infiltrating the left temporo- 
sphenoidal lobe; on section the growth was seen to occupy the 
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posterior and lower portion of the left temporo-sphenoidal lobe. 
The tumour had undergone cystic degeneration and the cyst was 
filled with green gelatinous material, The growth had no definite 
margins. The basal ganglia and the internal capsule appeared 
healthy and not affected by the growth. ` The growth measured 
5 by 6 em: 

Microscopical exammation.—Marchi’s method (plate xiv.). 
The sacral, lumbar and dorsal cord appeared normal, and at the 
level of the fifth cervical there were two obviously degenerate 
roots; the one on the left side originated probably from the seventh 
cervical root, and the one on the right side from the sixth root. 

The degenerated root on the left side was the more affected. 
This degeneration could be traced up into the funiculus cuneatus. 
No degeneration was present above the posterior column nuclei. 

By the Weigert-Pal method the cord appeared perfectly 
normal, and by the Nissl method the cells of the anterior horn 
appeared normal. 

Posterior root ganglion: The cells appeared perfectly normal, 
although there was considerable pigmentation. 

Nature of growth.—The growth was composed of fibrous 
tissue with elongated nuclei, having an alveolar arrangement, the 
alveoli being filled up with nuclei of somewhatirregular size. In 
other portions of the tumour the alveolar arrangement was less 
marked. There was very little evidence of degeneration in the 
tumour, and at its margins where it infiltrated the brain it was 
extremely vascular. (Mixed-celled sarcoma.) 


Case 16.—W. G. 8., aged 7 years, was admitted into the 
National Hospital under the care of Dr. Tooth on January 6, 
1899, complaining of vomiting and “tumbling about.” There 
was a history of phthisis in the family. 

The patient was quite well up till the age of 2 years, when it 
was noticed that he began to tumble about and to be clumsy 
“with his hands. This had gradually increased till the time of 
admission. Since six months before admission he had vomited 
occasionally. No headache or fits had been noticed. On 
admission he was a particularly intelligent, healthy-looking ' 
child. Smell, taste and hearing acute. Vision A and J 4 with 
each eye. Marked post-neuritic atrophy of both discs. 

Marked spontaneous nystagmus, quick movement to right, 
Wide range nystagmus on deviation, more marked on deviation 
to right. Slight weakness of upper right face. Marked weak- 
ness of lower right face. Hlectrical reactions of face normal. 
Distinct bulging of skull over the left cerebellar region tender to 
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pressure. Intense jerky incoordination of all the limbs much 
more marked on the left side. Left limbs slightly less powerful 
than right. Reeling gait. He always fell straight backwards 
when standing up. Knee, wrist and elbow-jerks brisk and equal. 
Plantar reflexes were flexor responses. 

The left side of the cerebellum was exposed by Mr. Horsley 
on February 2, 1899, and a cyst containing about an ounce of 
clear fluid evacuated, which appeared at one spot on the surface 
of the left lateral lobe of the cerebellum. As there was no 
obvious sign of growth in the oyst wall, after the evacuation 
of the cyst the wound was at once closed. 

Three days after the operation the knee-jerks were absent. 
On the fourth day the right knee-jerk was obtained, but after 
this the knee-jerks were persistently absent. No other change 
in the physical signs took place. He died suddenly and unex- 
pectedly eleven days after the operation. 

Duration of symptoms three and a half years. 

Description of growth (plate xv.).—There was an opening in 
the skull over the left lateral lobe of the cerebellum. The convolu- 
tions were not flattened, and the surface of the cerebrum appeared 
normal. The left lateral lobe of the cerebellum was adherent to 
the incision in the dura mater, but was easily separated from it, 
and on inspection presented very little abnormal. A hard tumour 
could, however, be felt, occupying the middle lobe and extend- 
ing laterally more to the left than to the right. On section the 

: tumour was found to involve the left corpus dentatum. It grew 
ventrally into the upper. and left side of the pons, and extended 
upwards to a point just below the corpora quadrigemina. In a 
downward direction the growth seemed to involve the left middle 
and inferior cerebellar peduncle and the dorsal portion of the 
medulla on the left side. 

Microscopical ezamwnation.— The cord appeared perfectly 
normal to all methods of examination; no degeneration could 
be shown by the Marchi method, even in the immediate neigh- 
bourhood of the tumour, though its limits are distinctly shown 
by the Weigert-Pal method. 

Nature of growth.—The growth appeared to be formed of 
irregular-shaped cells; in some parts the cells were widely 
separated. There were numerous corpora amylacea in ae 
of the tumour. (Glioma.) 


Case 17:—M. P., aged 47, was admitted to the National 
Hospital, under the care of Dr. Ferrier, on October 12, 1898. 
For three to four years the patient had had a rushing noise 
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in the right ear. Eighteen months ago she found that she was 
deaf in the right ear. She had suffered from vertical and occipital 
headache for three years. 

One year ago she had an attack in which the legs “ went 
stiff” while walking; there was no'loss of consciousness, and no 
twitching, and the stiffness was only momentary. Ever since 
this time she had been subject to occasional attacks of rigidity 
in all four limbs; she felt giddy, but did not fall down. 

Three weeks ago her eyesight began to fail, and during the week 
before admission it had rapidly deteriorated. She had occasional 
attacks of complete blindness. She had had severe yertical head- 
ache for three years, occasionally spreading down the back of the 
neck. She had been very sick for a fortnight. 

On admission she was a poorly nourished woman. Smell and 
taste were normal, She,was totally deaf in the right ear. There 
was intense double optic neuritis. There was no weakness or 
ataxy of the trunk or limbs, and the gait was normal. The knee- 
jerks were normal and equal. There was no ankle clonus. 

On November 80 Mr. Horsley removed the calvarium from 
the right occipital region, and on December 6 he opened the 
cerebellum, but was unable to find the tumour. The patient 
died on December 15. ' 

Description of tumour (plate xvi.).—There was an opening in 
the right posterior fossa, due to the operation. The convolutions. 
did not appear flattened. The base of the right lateral lobe of 
the cerebellum was broken up, as the result of the operation ; 
projecting from the under-surface of the anterior part of this lobe 
of the cerebellum was a tumour measuring 3 by 5 em., growing 
from the floceulus and pressing on the right side of the pons, so 
as to make it quite flat. The fifth nerve on this side was seen 
lying against the tumour, and was quite fla and tape-like. 

Microscopical ecamination (plate xvi.).—By the Marchi method, 
there was marked degeneration in the funiculi gracilis and 
cuneatus, being more'in the latter than the former. In the cervical 
region of the cord, the degeneration of the posterior columns was 
well marked, and affected the column of Burdach more than the 
column of Goll. Below the cervical region, the degeneration 
was much less marked, and was more scattered, but was present 
as low as the sacral region to a slight degree. There was no 
degeneration of any other tract in the cord. By the Weigert- 
Pal method, the cord appeared perfectly normal. © 

Nature of growth—The growth was composed of elongated 
cells of uniform size and character, arranged in various planes. 
(Fibro-sarcoma.) 


t 
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Case 18.—J. F., aged 5, was admitted to the National 
‘Hospital, under the care of Dr. Ferrier, on June 10, 1898. 

Fourteen months before admission he had had whooping 
cough and broncho-pneumonia, and was in bed for ten weeks. 

Whilst'in bed he had severe pain in the right side of the head, 
and his right arm was noticed to be weak. From this illness he 
recovered completely. 

Five months before admission he had measles, and a month 

later he began to complain of headache. Six weeks before 
admission he was noticed to stagger, and complained of giddi- 
: ness, but had neither headache nor vomiting. 

On admission he was a well-nourished, intelligent boy. 
Double optic neuritis was present, but there was no weakness 
of the limbs nor ataxy while in bed. His gait was reeling and 
unsteady, and he tended to stamp the heels on the ground. He 
tended to fall when the eyes were shut. Reflexes: the knee- 
jerks were present and equal; there was no ankle clonus; the 
arm-jerks were equal. There was some prominence over the 
left side in the cerebellar region. On June 28, Mr. Horsley 
enucleated & tumour from the left lateral lobe of the cerebellum. 
The child developed symptoms of tubercular meningitis, wasted 
rapidly, and died on September 16. 

Description of twmour.—There was a large opening in the left 
occipital region. The convolutions were flattened, and there was 
obvious tuberculous meningitis at the base. The left lateral lobe 
of the cerebellum was broken up and softened, and was adherent 
to the dura mater. The ventricles were much dilated. The 
spinal cord showed a marked degree of tuberculous meningitis, 
and this extended down to the lumbo-sacral region. 

Microscopical examination of cervical region of the cord 
showed no degeneration either by the Marchi or Weigert-Pal 
methods. 

Natyre of growth.—Tuberculous. 


Case 19.—L. B., aged 5 years, was admitted into the National 
Hospital, under the care of Sir William Gowers, on March 17, 
1899, complaining of headache, loss of sight, and inability to 
stand or sit up. Seven months before admission, headache, 
vomiting, and inability to walk (staggering) had come on, and it 
was noticed that the head was constantly inclined to the right 
shoulder. Two months before admission she became unable to 
sit up, and she became gradually deaf in the left ear. For a 
month head retraction had been noticed. . 

On admission she was semi-comatose. Head retraction. 
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Hydroeephalie cry. Severe optic neuritis. Complete deafness 
of left ear. Pupils dilated. Nystagmus. General paresis and 
general coarse tremor on movement. 

Knee-jerks present and equal. ‚Plantar reflexes were extensor 
responses. On April 7, she developed measles, and the knee- 
jerks were noticed to be absent. She died on April 9, without 
further manifestation of symptoms. 

Duration eight months. 

Description of growth (plate xvii).—The left lateral lobe of 
the cerebellum was ‘enormously distended by a large cyst which 
appeared on the dorsal surface and compressed the right lobe 
across the middle line, the right lobe of the cerebellum appeared 
to be normal. After hardening in formalin a section through the 
cerebral hemispheres showed them to be perfectly normal and 
there was no distention of the ventricles. On section through 
the cerebellum the cyst was found to occupy almost the whole 
of. the left lobe, only a thin layer of cerebellar substance covering 
the tumour. The cyst was filled with a green clear jelly-like 
substance, and measured 7 by 4 cm. in the antero-posterior 
and the lateral diameters respectively. The wall of the cyst 
measured about 2 mm. and was composed of two layers, the 
inner of which could be easily shelled out over its greater extent 
but was adherent and merged into the growth on the inner side 
of the lobe. 

Microscopical examination (plate xvii.).—By the Marchi 
method there was marked degeneration of the posterior columns 
from the sacral to the cervical region, but the degeneration was 
more marked in the column of Burdach and the funiculus 
cuneatus than.in the column of Goll and the funiculus gracilis. 
No degeneration could be seen above the posterior column nuclei. 
The posterior roots showed marked degeneration in the cervical 
region, legs in the dorsal, and again more marked change in the 
lumbar region. By Weigert-Pal and Nissl methods the cord 
appeared normal. Olarke’s column was normal and Lissauer's 
tract was unaffected. - 

Nature of grówth.—The tumour showed characters that it 
was difficult to distinguish from brain tissue undergoing ae 
but it appeared to be a glioma with the cells ar apart. The 
cystic part of the tumour was found to consist of & meshwork of 
the finest fibres. (Glioma.) 


Case 20.—W. G., aged 6 years, was admitted into the 
National Hospital under Dr. Tooth, on February 3, 1899, com-: 
plaining of headache, sickness, and staggering. The family history 
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was unimportant and his health had been good previous to this ' 
illness. Three months before admission, headache and vomiting 
set in suddenly and persisted, and on several occasions he had 
attacks of trembling all over in his sleep. Six weeks later he 
began to walk badly and to tumble about. 

On admission he was a healthy-looking child. He com- 
plained constantly of headache over the right eye. When sitting 
up the posture of the head was constantly as follows: right ear 
inclined to right shoulder, face turned to left, head bent forwards. 
Mental state intelligent. Special senses normal. Optic discs 
showed intense recent neuritis. 

Marked nystagmus more intense on looking to right. Slight 
right lower facial weakness. Intense ataxy of left limbs, slight 
ataxy of right limbs. He walked unsteadily and reeled o great 
deal. When standing feet together he always fell straight back- 
wards. Wrist and elbow-jerks present, knee-jerks sometimes 
brisk, sometimes difficult to elicit, even with reinforcement. 

Mr. Horsley removed the calvarium and opened the dura 
mater over the left lateral lobe of the cerebellum. Some hours 
after the operation the patient became much worse, and the site 
of the operation was found to be bulging. “On re-opening the 
flap & large tumour which had ruptured the left lobe of the 
cerebellum and escaped, was found lying free in the wound. 

Description of tumour (plate xviii.).—There was marked 
flattening of the convolutions and dilatation of the ventricles. 
The left lateral lobe of the cerebellum was almost completely 
destroyed, being converted into a thin walled cavity from which 
& tumour measuring 7 em. by 3:5 cm. had escaped. The cavity 
in the left lateral lobe was in direct communication with the 
fourth ventricle and extended upwards compressing the medulla 
and pons and dilating the iter as far as the posterior corpora 
quadrigemina. At a section made between the medulla and pons 
the cavity measured 3 om. by 1:5 om., and above this point it 
gradually narrowed down. The pons is so compressed that at its 
junction with the medulla it measured only 8 mm. in diameter. 
The tumour which had occupied the above cavity was dark in 
colour, friable, and evidently contained much blood. 

Microscopical examination (plate xvili.)—By the Marchi 
method the cord in the cervical region showed degeneration 
in the posterior columns and in the direct cerebellar tract of both 
sides. Further examination was impossible as the removal of 
the spinal cord was not allowed. 

Nature of growth.—The growth was an extremely vascular 
small round-celled sarcoma. 
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Case 21,—M. B., a woman, aged 30 years, was admitted into 
the National Hospital, under the care of Sir W. Gowers, on April 
24, 1899. Three years before admission, occipital and right 
frontal ‘headache set in; this was followed by giddiness, stag- 
gering, and diplopia, and a year before admission she became 
slowly blind, and also completely deaf in the left ear. 

On admission there was no mental defect. Consecutive optic 
atrophy. Complete nerve deafness in left ear. Nystagmus most 
marked on deviation to left. Slight weakness of the whole left 
face. When standing the head always assumed the following 
position: the left ear was inclined to the left shoulder, and the 
face was turned slightly to the right. There was distinct bulging 
of the calvarium over the region of the left lateral cerebellar lobe. 
She: fell to the lefi when standing. There was marked inco- 
ordination in the left limbs. She complained of severe pains in 
the legs, as if she had been "walking too far. There was marked 
hypotonia of the muscles of the legs and o slighter hypotonia of 
the arm muscles. The knee-jerks were present and equal. 
Plantar reflexes were flexor responses. , 

The tumour was removed in part from the left lateral lobe of 
the cerebellum on June 20. 

She died on July 20. 

Duration of symptoms three years and three months. 

Description of tumour (plate xix.).—There was an opening 
through the skull-in the left occipital region. The surface and 
convolutions of the brain appeared normal; nothing abnormal 
was noted on the base of the cerebrum; the left posterior fossa 
was found to be occupied by a firm and hard tumour, adherent 
to the petrous bone, but not growing from it; the whole of the 
left lateral lobe was occupied by this tumour, and it pressed upon 
the left side of the pons, displacing it to the right and making a 
depression on its surface. An incision was made right through 
the cerebellum, and the tumour was seen to be infiltrated with : 
blood, probably as the result of the operation. The tumour, on 
Section, was hard and firm, and evidently very fibrous, although 
at places of a pale yellow colour, suggesting that it had undergone 
easeation. The lateral ventricles, as well as the third and fourth 
and iter, were greatly dilated. 

Microscopical exanination.—By the Marchi method, no de- 
generation could be seen, either in the posterior or other columns 
of the cord. In the dorsal portion of the medulla there was 
some degeneration in the restiform bodies and reticular forma- 
tion, but this does not pass down the cord. The posterior root 
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ganglion appears normal, the cells being somewhat pigmented. 
By the Weigert-Pal and Nissl methods the cord appeared normal. 
Lissauer’s tract and Clarke's column were also natural. 

Nature of growth.—The growth appeared composed of elon- 
gated cells, arranged in bundles and running in different planes. 
, The nuclei were very irregular in size, some being large and 
' elongated and others small and round; the tumour was not un- 
like a fibroid tumour of the uterus. (A fibro-sarcoma.) 


Case 22.—H.0., aged 7 years, was admitted into the National 
Hospital, under the care of Dr. Hughlings Jackson, on March 13, 
1899. There was a family history of phthisis. His illness began 
a month before admission, with occipital headache and vomiting. 
A fortnight later he began to stagger in his walking. f 

On admission he was mentally very stupid, end presented the 

. following signs:—Double optic neuritis. Nystagmus chiefly to 
right. Slight right facial weakness. Inco-ordination in all four 
limbs much more marked on right side. Gait staggering, leaning 
forward, and lurching to either side. No weakness or sensory 
change. Knee, wrist, and elbow-jerks R. > L., and subnormal; 
sometimes absent. Plantars flexor responses. He died on June 
1, 1899. 

Duration of symptoms four months. 

Description of tumour (plate xx.).—-The convolutions were 
flattened, but otherwise normal, and the surface of the cerebellum 
appeared natural. On section, however, a large tumour was seen 
situated exactly in the middle line, being composed of soft pulpy ` 
substance, limited by a sharp line from the cerebellar substance. 
‘The growth protruded into the fourth ventricle, and blocked it 
up. The growth measured 5 cm. in diameter, and was spherical 
in shape. Both lateral ventricles were considerably dilated. 

Microscopical examination (plate xx.).—By the Marchi method, 
there was no degeneration in the sacral region of the cord ; a little 
scattered degeneration was present in the posterior columns in 
the lumbar region, becoming more marked in the dorsal region 
and in the cervical, being fairly well marked in the postero- 
external columns, and slight in the postero-internal columns. 
There were a few scattered degenerate fibres in the pyramidal 
tracts of both sides. Lissauer’s tract appeared normal. The 
cord appeared perfectly normal by the Weigert-Pal method, and 
the cells of the anterior horn also Ken normal by the Nissl 
method. 

Nature of growth.—The ence was composed of large 
nuclei, lying in what appears to be a nearly homogenous matrix ; 
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in some parts of the tumour these nuclei were so densely packed 
. together that hardly any matrix existed, while in other parts 
they were widely separated. The nuclei were very large and 
irregular both in size and shape. In’ other parts of the growth,- 
the arrangement was'more alveolar, with bands of fine fibrous 
tissue forming the alveoli. (Alveolar sarcoma.) i 


Case 23.—W. R., aged 80, a gardener, was admitted into the 
National Hospital, under the care of Sir William Gowers, on 
September 12, 1898. His illness began in January, 1898, with 
headache and vomiting. Since February, 1898, he had a con- 
stant feeling of unsteadiness when on his legs. In August, 1898, 
his sight began to fail rapidly and he staggered and fell repeatedly 
when walking. 

On admission he was mentally very dull. There was intense 
optic neuritis going on to atrophy. He could just count fingers 
at six inches. No deafness. Marked nystagmus. Marked weak- 
ness of left face (upper and lower). Electrical reactions of face 
normal. Slight weakness of right arm and leg. He leant and 
fell to the right constantly when standing, and lunged to the 
right when walking. Sensations normal. Wrist, elbow, and 
knee-jerks subnormal. R. > L. Plantar reflexes were flexor 
responses, : 

During the next three months he became quite blind. Marked 
ataxy of the right limbs developed. The left facial palsy became 
more marked, no electrical alteration accompanying the weakness. 
The right hemiparesis of limbs. became more marked. The deep 
reflexes remained. R. > L. and subnormal. The right knee- 
jerk was sometimes absent. Head retraction was noticed on 
several occasions. The plantar reflexes were always flexor 
responses. ; ' 

He died on July 19, 1899. 

Duration of symptoms nineteen months. 

Description of tumour (plate xxi.).—On the under and external 
surface of the cerebellum is seen a dark, rounded tumour, hardly 
raised. above the surface, with several large vessels running over 
its surface; on making a section through the cerebellum, a cyst, 
measuring 3°5 by 4 em., is seen occupying the whole of the 
central portion of the right lateral lobe. The cyst is thin and 
. easily separated from the surrounding brain substance, except at 
its outer side, where it forms part of the growth. There are 
several other smaller cysts filled with gelatinous material. In 
the left cerebellar lobe another growth could be seen occupying 
the central portion of the lobe; it was hard and firm, and had no 
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distinct margin separating it from the normal brain tissue that 
surrounds it. ` 

Microscopical examination (plate xxi.).—By the Marchi method 
there was slight degeneration in the posterior columns in the 
sacral and lumbar regions, and in the dorsal it was still slight. It 
increased somewhat in the lower cervical region, where it was 
almost limited to the postero-external columns, and it was trace- 
able to the funiculus cuneatus, the funiculus gracilis escaping 
altogether. By the Weigert-Pal method the cord appeared 
perfectly normal; the tract of Lissauer was also normal. By 
the Nissl method the cells of the anterior horn and of Clarke's 
column appeared normal. 

Nature of growih.—The tumour was extremely vascular; 
there being large blood spaces surrounded by irregularly-formed 
fibrous tissue; in other spaces, where there was no blood, a fine 
meshwork existed, with scattered cells of a gliomatous appear- 
ance. In another portion of the tumour it appeared like cartilage, 
but the cell spaces were very irregularly formed. (Glio-sarcoma). 


Case 24.—E., aged 6, was admitted to University College 
Hospital, under the care of Dr. Risien Russell, on September 21, 
1898, with the history that, except for measles two to three years 
ago, she had been perfectly well till six to seven months before 
admission, when she had an attack of vomiting. A second attack 
oecurred about three weeks later, with headache, and the attacks 
recurred at intervals of about a week ever since. She has been 
losing flesh rapidly of late. The sight has been failing for the 
last three to four days. 

On admission the child was well nourished, the head was 
large, and the child was intelligent. The eyesight was defective, 
and optic neuritis was present in both eyes. There was no 
nystagmus, no facial weakness, and the hearing was equal on 
the two sides. No loss of power in the limbs could be found, but 
there was slight ataxy of the right arm. The gait was unsteady, 
and there was slight incoordination in the movements of the 
tight leg. The head was in the right cerebellar attitude, i.e., ` 
right éar inclined to right shoulder’and face turned to left. The 
knee-jerks could not be obtained, and the wrist and triceps-jerks 
were algo absent. The child died in October. 

Description of tumour (plate xxii.).—The convolutions were 
flattened, and the lateral ventricles dilated. A large tumour was 
found to occupy the left lateral lobe of the cerebellum, and 
extended across the middle line. The tumour was. of uniform 
consistence, with a fairly sharply-defined margin. 
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Microscopical cxamination of the cord (plate xxii.).—By the 
Marchi method there was some scattered degeneration in the 
lumbar region of the cord, limited to the postero-external columns. 
In the dorsal region the degenerated fibres seemed to have acou- 
mulated in the ventral portion of the posterior internal column. 
In the lower cervical region there is again more marked degene- 
ration in the postero-external columns, and this can be traced 
up through the cervical region into the funieulus cuneatus. 
There were a few degenerate fibres in the funiculus gracilis. All 
the other regions of the cord appeared perfectly normal. By the 
Weigert-Pal method the lumbar and dorsal regions appeared 
perfectly normal. In the-cervical region a small area, lying 
between the postero-internal and external columns, was paler 
than the other portions of the posterior columns, and seemed to 
contain fewer fibres. This pale area, was symmetrical on the two 
sides. 

Nature of growth.—The tumour was composed of cells lying 
in a meshwork of fine connective tissue; the growth appeared 
quite uniform in structure, and had Eege very little degene- 
rative change. (Glioma.) 


Case 25.—M.. C., a nursemaid, aged 24 years, was admitted 
into the National Hospital, under Dr. Colman, on September 2, 
1898, complaining of headache, sickness, and dimness of vision. 
Her father died of consumption, otherwise her family history was 
unimportant. She had always been strong and healthy till nine 
months before admission. Her sister stated that for five years 
she had been subject to neuralgic pain in the left temple, and that 
during this time she had attacks of dimness of vision, lasting a 
few minutes at a time. During the year preceding admission 
these attacks had beón much more frequent. In January, 1898, 
she noticed dimness of vision at night. A month later severe 
headache and vomiting occurred and persisted. The headache, 
vomiting, and dimness of sight became steadily worse until a 
fortnight before admission; when the headache ceased. She had 
noticed some unsteadiness in standing for three months. 

On admission she was a healthy-looking girl of good intelli- 
gence. She was evidently very ill, and was constantly vomiting. 
There was intense double optic neuritis, and vision was reduced 
to form-perception. Marked spontaneous nystagmus. She walked 
unsteadily, but on account of her general physical condition and 
the vomiting that the least movement brought on, no importance 
could be attached to this symptom. Theré was very marked 
museular hypertonia of the limbs. The knee, wrist, and elbow- 
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jerks were absent, and were never obtained; otherwise, the 
` special senses, cranial nerves, motion, sensation, and the sphinc- 
ters were normal, 

On September 17 she became delirious, and died suddenly 
six hours later. No fresh symptom had deyeloped. 

Duration óf symptoms eight months. 

Description of tumour (plate xxiii.).—The convolutions were 
not flattened, and the brain, as a whole, appeared normal in size 
and consistence. After hardening, a horizontal section was made 
through the two cerebral hemispheres, and an exceedingly vas- 
cular tumour was seen to occupy the posterior horn of the: left 
lateral ventricle growing apparently from the choroid plexus. 
There was obvious hemorrhage into the tumour, so that in 
colour it resembled hemorrhage rather than growth: Its greatest 

. length was in the antero-posterior diameter, being 5 em., while 
its greatest width was about 8 om. There was some blood-clot 
in the anterior horn of the left ventricle. 

Microscopical examination (plate xxiii).—By the Marchi 
method there was some degeneration in‘ the posterior column of 
the cord, most marked in the mid-dorsal region, where the 
degenerate roots can be seen entering the cord, and this degenera- 
tion was traceable up the cord, becoming more diffuse in the 


cervical region. The degeneration was only of moderate degree, _ 


and at no level could be said to be marked. There were a few 
degenerate fibres in the lumbar and sacral region of the cord. By 
the Weigert-Pal method the cord appeared perfectly normal. 

Nature of growth.— The growth was extremely vascular, com- 
posed of cells of irregular size and shape, lying widely sepa- 
rated in a matrix which stained badly, and in which degeneration 
had taken place. There were numerous masses of brown pig- 
' ment, probably altered blood clot. (Glio-sarcoma.) ` 


Oase 26.—D. C., a clerk, aged 27 years, was admitted. into 
the National Hospital, under the care of Dr. Bastian, on 
February 14, 1898. In February, 1897, he constantly fell asleep 
over his, work, and from this time left hemiplegia slowly de- 
veloped. In September, 1897, he had headache for the first 
time, and his sight began to fail. Up to the time of his admis- 
sion he had had no fits and no vomiting. 

On admission his mental state was intelligent. He frequently 
dropped off to sleep at his meals. Double optic neuritis. Rigid 
left hemiplegia. No hemianopia. No hemianssthesia. Knee, 
wrist and elbow-jerks L. > R. Left foot clonus. 

On May 10 he was semi-comatose, and vomited frequently. 

_ Left hemianssthesia& was present. He was absolutely blind. 
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On August’ 22 left-sided fits, without loss of consciousness, 
ocourred and recurred at intervals’ for some months. The left 
hemiplegia became absolute. 

In Oetoher right hemiplegia slowly came on, and after this 
right-sided convulsions, without loss of consciousness, occurred, 
Double foot elonus and double extensor response developed. 
Death occurred on February 8, 1899, from respiratory failure. 

. Duration of symptoms two years. 

Description of twmour (plate xxiv.).—There was marked flatten- 
ing of the convolutions on both sides, with bulging on the right 
side. On section through the brain, a tumour, measuring 4:5 em. 
by 4&5 cm., was seen to occupy the right optic thalamus, and 
extended down into the right crus. The tumour was of yellowish 
colour, and built up of concentric lamina; it was extremely 
hard, and showed no tendency to soften. The lateral ventricles 
were dilated. There was an old focus of tubercle at the apex of 
the left lung. 

Microscopical examination (plate xxiv.).—By the Marchi method 
degeneration in the pyramidal tract of the right hemisphere could 
could be traced through the pons into the medulla and down to 
the sacral region of the cord. Sections through the middle of the 
pons showed degenetation in the cerebellar peduncle of the same 
side, and also, to a lesser extent, in the fillet. At the level of the 
olive there were some scattered black dots in the raphe, and 
definite degeneration in the fibres of the twelfth nerve. The 
fillet degeneration could be traced down across the raphe into 
the nuclei gracilis and cuneatus of both sides, the opposite one 
being, however, most affected. There was some degeneration in 
the direct cerebellar tract on both sides. Below the decussation 
of the pyramids there was very little degeneration in the posterior 
columns, and that was limited to the cervical region. Some 
degeneration could be seen in the posterior longitudinal bundle of 
the same, side as the lesion. By the Weigert-Pal method there 
was marked degeneration of the pyramid, both direct and crossed, 
but the posterior columns were natural. There was marked 
degeneration in the fillet of the same side, but both posterior 
longitudinal bundles and superior cerebellar peduncles appeared 
normal. By the blue-black method the cells of the anterior horn 
and of Clarke’s column appeared normal. The right and left 
median and anterior crural nerves were examined, and the left: 
median showed most extensive change, not only by the Marchi 

_ but also by the Weigert-Pal methód; the other nerves appeared 
normal. 
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Nature of growth.—On section, the growth showed a degene- 
rate centre surrounded by a large number of small round cells, 
among which are many well-formed giant-cells; so marked was 
this appearance that the tuberculous origin of the tumour could 
not be doubted; no tubercle bacilli could, however, be found 
{Tuberculous tumour.) 

Case 27.—H. F., aged 18 months, was admitted into the 
National Hospital, under the care of Dr. Buzzard, on May 9," 
1899. Hight weeks before admission, strabismus and head 
retraction were noticed. A few days later the sight was noticed 
to fail. At the end of a fortnight paralysis “all over” came on, 
and the child lost iis speech. On admission he was semi-coma- 
tose, with convergent strabismus and complete ophthalmoplegia 
in right eye. Nystagmus in left eye. Neither pupil reacted to 
light. Optic discs normal. General paresis more marked on the 
left side. Head retraction. Slight hydrocephalus. The knee- 
jerks were absent, but on striking the left patella tendon, an 
adductor-jerk was obtained on the opposite side. He died 
on May 19. 

Duration of symptoms nine weeks. 

Description of tumour (plate xxv.).—There was marked flatten- 
ing of the convolutions, otherwise the brain appeared normal. 
After hardening in formalin, the brain was cut in horizontal 
section. Both ventricles were enormously distended. A tumour 
was seen occupying the right optic thalamus; it extended into 
and involved the corpora quadrigemina, and passed over to the 
optic thalamus of the opposite side. It extended downwards to 
the commencement of the pons, and ventrally to the substantia 
nigra, but did not involve the crura. The growth was an infil 
trating one, without definite margins, and towards the centre had ` 
a yellow granular appearance, but was hard and not caseous. 
Hemorrhage had taken place into the tumour. 

Microscopical examination (plate xxv.).—By the Marchi method 
there was very marked degeneration in the sacral región of the 
` cord, leaving the septo-marginal tract almost unaffected, the 
degenerate fibres could be traced into the base of the posterior 
horns, and some also into the anterior horns. In the upper lumbar 
region the degeneration was fairly evenly distributed, but left the 
dorsal and median portion of the cord less affected; in the mid- 
dorsal region the column of Goll was more affected than that of 
Burdach. In the lower cervical region the entering roots were 
markedly degenerate, and the column of Burdach was markedly 
affected. The degeneration could be traced up to the nuclei 
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gracilis and cuneatus. The direct cerebellar tract was unaffected, 
and the tract of Lissauer also escaped. In the medulla there 
was some degeneration in the fillet and in the remaining portions 
of the funiculi gracilis and cuneatus. In the pons the degenera- 
tion was again more extensive, and involved the posterior longi- 
tudinal bundle, the fillet, and the superior cerebellar peduncles 
on both sides. The posterior root ganglia, so far as the cells 
were concerned, appeared normal both to the Marchi and Nissl 
methods. Posterior nerve-roots appeared perfectly normal; no 
degeneration could be seen in them. By the Weigert-Pal method 
the cord, medulla, and pons appeared perfectly normal; Lissauer's 
tract was normal. By the Nissl method the cells, both of the 
anterior horn and of Clarke’s column, appeared natural. 

Nature of growth—The growth was very vascular at its 
margins, and was formed, for the most part, of large round cells 
of uniform size, with distinct nuclei, there being comparatively 
little fibrous tissue; but at certain points, generally in the neigh- 
bourhood of vessels, there was extensive infiltration, with small 
round cells (sarcoma). 


Case 28.—A. A., aged 7, was admitted into the Hospital for 
Sick Children, under the care of Dr. Lees, with the following 
history ;—She had been quite well till eleven days previously; 
she then complained of pain in the back of her head, held her 
neck stiffly, and vomited frequently. 

On admission she was drowsy, bot would answer questions ; 
there was slight facial weakness on the left side; loss of sensa- 
tion of the left cornea and conjunctiva, and paralysis of the left 
external rectus. There was double optic neuritis. The knee- 
jerks were present.. The child died the day after admission. 

Description of tumour (plate xxvi.).—The convolutions were 
flattened, and there was considerable dilatation of both the lateral 
ventricles as well as the third and fourth. The pons appeared 
very much enlarged, and the left side larger than the right. On 
section, a firm, white, infiltrating growth was found to occupy the 
left side and extended across the mid-line into the right side. 
The other organs of the body were normal. 

Microscopical examination.—No degeneration could be detected 
in the spinal cord either by the Marchi or the Weigert-Pal methods, 
and the cells appeared normal by the Nissl method. Section of the 
pons stained by the Weigert-Pal method show a large infiltrating 
tumour separating the fibres of the pons, but apparently not 
destroying them. 

' Nature of tumour.—The growth was composed of a meshwork 
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of fine fibres, among which were scattered irregularly nuclei of 
uniform size, mostly angular in shape, and from some it would 
seem that fine prolongations can be traced into the meshwork. 
The growth is quite uniform in structure. (Glioma.) 


Case 29.—H. J., aged 42, was admitted into the National 
Hospital, under the care of Dr. Beevor, on August 24, 1899. 

Fourteen days before admission the patient began to have 
giddiness and severe neuralgic headaches, but previously to the 
onset of these she had been in particularly good health. The 
pain was refered: to the frontal region of the skull. The head- 
' ache increased, and twelve days after the onset she was found by 
her daughter in a dazed condition, complaining of intense pain in 
the head. She had an attack of vomiting. About 5 o'clock on 
the same day she was found lying on the bed in a semi-comatosa 
condition. The dejecta were passed under her involuntarily ; the 
coma deepened, and shé was admitted into the hospital two days 
later. 

On admission the patient was well nourished, and lay in bed 
with the legs drawn up, the arms flexed, and the head turned into 
the pillow, and all attempts to alter this position were resented. 
Respiration tended to assume the Cheyne-Stokes character; the 
right pupil was larger than the left, and did not react to light , 
{previously dilated with atropine). The discs were hyper- 
smie, the edges blurred and streaky, and the veins swollen. 
No loss of power could be detected ;' the lower limbs tended to 
assume the flexed position, but were not rigid. Reflexes: the 
&rm-jerks were present ; the knee-jerks were present, but were not: 
brisk ` there was no ankle clonus, and the plantars gave a flexor 
response. No abdominal reflex was obtained. Urine 1024, no 
albumen or sugar. 

Death occurred at 3 a.m. on the following day, respiration 
ceasing suddenly, followed after an interval of some minutes. by 
heart failure. l , 

Description of tumour (plate xxvii.).—' There was marked flat- 
tening of the convolutions, but no tumour could be detected on 
the surface. On making an incision through the callosum, a cyst 
was seen lying below the anterior portion of the fornix, filling up 
the lateral communications of the lateral ventricles, and pressing 
down into the third ventricle, blocking up the foramen of Munroe. 
The cyst was somewhat pear-shaped. It was adherent to both 
choroid plexuses, and probably grew from the left. There were 
numerous small cysts in both plexuses. On cutting through the 
anterior portion of the fornix, the cyst, fornix, and choroid 
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plexuses could all bé turned back together. There was dilatation 
of both ventricles, but not to an extreme degree. The basal 
ganglia were normal. . On making an ineision into the cyst, after 
hardening, it was found to consist of a thin wall, within which 
was & clear hyaline substance firmly set by the re-agents in which 
it had been hardened. 

‘Microscopical examination.—The cord and medulla were ex- 
amined by the Marchi, Weigert-Pal, and Nissl methods. No 
degeneration or change.could be found. 

Nature of Growth.—The cyst was composed of three layers, 
an outer formed of elongated cells with rounded nuclei, closely 
, packed together, making a fibrous-looking coat; a middle layer 
composed of large epithelial cells, like the prickle cells of the 
rete mucosum of the skin; and an inner layer of structureless 
tissue, forming the greater part of the tumour. The transition 
of the prickle cells into the hyaline tissue could be traced. (Oyst 
of the choroid plexus.) , 


EPILEPTIC ATTACKS WITH A WARNING OF A 
CRUDE SENSATION OF SMELL AND WITH 
THE INTELLECTUAL AURA (DREAMY STATE) 
IN A PATIENT WHO HAD SYMPTOMS POINT- 
ING TO GROSS ORGANIC DISEASE OF THE 
RIGHT TEMPORO-SPHENOIDAL LOBE. 


BY J. HUGHLINGS JAOKSON, M.D., F.R.O.P., F.R.S. . 
` Physwian to the National Hospital for the Epileptic and Paralysed, 
AND 
PUBVES STEWART, M.A., M.D., M.B.O.P. 
"Assistant-Physvvan to the Westminster Hospital. 


Tux patient, A. B., a member of the medical profession, was 
51 years of age, married, and of excellent health until three and 
a half years ago. He then had a severe attack of septicaemia, 
during the course of which an abscess formed in his anterior 
chest-wall and required to be opened surgically. From that ill- 
ness he recovered and remained well until October, 1898, when 


' he had & fresh septic infection in his right hand, which required 


several incisions. At that time his temperature was over 105? on 
several days and he was occasionally delirious. Since his second 
attack of septicemia his general health has never been quite so 
good. There was no history of specific disease nor of any expo- 
sure to it. He never had any head injury nor had he, at any 
time, suffered from otorrhœa. 

Ever since his second attack of septiesmia the patient 
had been subject to occasional attacks of excitement, without 
sufficient apparent cause. He used to come home from his 
rounds in a state of excitement. His general manner became 
different; his memory also became impaired, so that on several 
oceasions hé forgot important appointments. On one occasion 
he called to enquire for a patient who had long been dead. : 

About eight weeks before he came under our observation he 
began to have occasional attacks,of nausea and what he called 
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“ giddiness,” with frontal headache. In these attacks there was 
a strong sensation of smell, which he described as being “like 
camphor or ether." This smell was succeeded by what is com- 
monly called an intellectual aura (dreamy state), in which—to 
use his own words—he ‘felt asif he were saying, doing, and 
looking at things which he had experienced before.” He also 
stated that surrounding people seemed to have strange espres- 
sions dn their faces, and that ' people and things seemed to be 
far away " (he meant in physical distance). The average duration 
of each attack was about & minute; the patient's face, according 
to the account of a competent eye-witness of several seizures, one 
of which was very carefully observed throughout, was pale and 
his expression was that of one ‘facing an expected horror," but. 
he was not apparently unconscious. No twitchings of face or 
limbs were ever observed. There was no vomiting either during 
or between the attacks. 

After four weeks of such attacks, the crude sensation of smell 
ceased to occur, but there were numerous attacks, sometimes 
three in & day, of & slightly different type, in which he had 
nausea and vertigo. External objects did not appear to move, 
but the patient himself fel& giddy, and he had a sense of 
fear and of impending death. Occasionally, during such an 
attack, he became momentarily unconscious and fell backwards. 
His face was always pale during an attack, and his pupils were 
dilated. . 

He never had diplopia, though six weeks after the commence- 
ment of his “ attacks,” when lighting a cigarette one day, he 
applied the lighted match to the cigarette-holder, apparently 


„owing to some mental confusion. 


His headache gradually became almost constant, the pain 
being both frontal and occipital, but within a week or so before 
he came under our observation the headache became less severe, 
and he seemed rather drowsy. Three weeks before, his left foot 
was noticed to drag a little in walking, but he could walk fairly 
long distances until he took to his bed, a week before we saw him. 

His condition, on examination on September 11, 1899, was as 
follows :—He is a very intelligent man, able to answer clearly all 
questions put to him, though he seems somewhat drowsy ; speech 
and articulation are normal. He can smell asafootida and cloves 
in both nostrils, and names them. He can taste sugar and salt 
equally on both sides of the tongue, back and front. He hears 
a watoh better in the right ear than in the left, and Mr. Ballance, 
on applying Weber's test, finds that the tuning-fork on the vertex. 
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is heard louder on the right side, all wax being previously removed 
from the right ear. The visual fields are normal on rough testing. 
There is no hemianopia on careful testing with small objects moved 
ak the periphery of the visual fields, nor is there any obvious 
defective sight. 

On ophthalmoscopie examination there is ‘Sun well-marked 
. neuritis’ of the right eye, with + 2 D of swelling there are no 
hemorrhages ` the left optic diso is red but not swollen. The 
pupils are equal in size, and react normally to light and during 
accommodation. The external ocular movements are normal.' 
There is no squint, no diplopia and no nystagmus. 

There is slight but distinct weakness of the left facial muscles, 
more marked in the lower than the upper part of the face. The 
left angle of the mouth is less energetically retracted and the 
left naso-labial fold shallower than on the' right side. The left 
eye is less tightly “screwed up’ "br the orbicularis palpebrarum 
than on the right side when he is told to close both eyes as 
strongly as he can. 

The palate rises normally on phonation. The tongue comes 
out straight on protrusion, but can be pused better into the left 
cheek than into the right. 

There is no anmsthesia anywhere on the face, trunk, or 
limbs to the lightest touches or pricks, but when the fingers of 
the left hand are touched and the patient is asked to point with 
his other hand to the exact point touched, his eyes being closed, 
he is several inches wide of the mark in every instance. There 
is no constant relation between the point touched mio the 
position to which he refers the sensation. 

The. sense of position on passive movement is normal at all 
joints of the upper and lower extremities. 

As to motor power, the patient can move all parts of the head, 
trunk and limbs as he lies in bed, but the left grasp is much 
weaker than the right. (L. == 80, R. — 63, with dynamometer.) 
There is no ataxia of the limbs and no tremor on voluntary 
movements. 

: The patient cannot stand alone; when supported he tends to 
fall backwards and slightly to the left side; in walking he scrapes 
the left foot very slightly on the ground. 

The knee-jerks are normal and equal. There is no ankle 
elonus. The right plantar reflex constantly shows flexion of the 
hallux. The left side is sometimes flexion, at other times exten- 
sion of the hallux. The sphincters are normal. 

The lungs and heart are normal on physical examination; 
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the pulse is 70, regular, and of moderate tension. There is a 
scar of an old abscess on the front of the chest. The abdomen 
and urine are normal. The temperature is normal. 

To-day, for the first time, he complains of unilateral headache, 
and indicates the right temporal region as the seat of pain. There 
is no tenderness on pressure or percussion over any region of the 
Skull. 

September 12.—During last night the respiration was of 
Cheyne-Stokes type, and the patient passed urine and feces 
unconsciously. To-day he feels better and talks with perfect 
intelligence. The headache is less severe. His appetite is 
extremely good, and he can smoke cigarettes. The left facial 
weakness is more evident than yesterday. The pulse is 72, 
respiration 20 per minute. The knee-jerks are very faint, and 
can only be elicited by Jendrassik's method. 

: September 13.—During the night patient's temperature rose 
to over 100° F. He rapidly became comatose, and was observed 
to have occasional clonic spasms, confined to the left arm and 
hand. Death occurred at 1 a.m. from failure of respiration. 
The temperature at the time of death was not taken. 

Unfortunately no autopsy could be obtained. 

Summary.—To sum up the history of the case: the 
patient had gradually increasing mental dulness, followed 
nine months later by attacks of headache and nausea with a 
sensation of smell and a '' dreamy state." Later the attacks 
changed in type. The paroxysmal smell ceased to occur, 
but there was occasional momentary unconsciousness. A 
few days before his death slight left hemiplegia developed, 
most marked in the face, without hemianopia or hemi-anws- 
thesia,. but with some ‘cortical anssthesis" of the left 
hand. There was some impairment of hearing in the left 
ear and optic neuritis in the right eye. Two days before 
death the headache became more localised and was referred 
to the right temporal region. The patient rapidly became 
worse and died from failure of respiration, slight jerking 
being observed in the left arm and hand just before death. 


REMARKS BY Dag. HuGeuines Jackson. 


I saw A.B. with Sir William Gowers about September 9, 
1899. We concluded that there was disease, probably 
tumour, of one temporo-sphenoidal lobe. Sir William, 
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from the right-sidedness of the optic neuritis, suggested 
before the: setting-in of the left hemiplegia, that the right , 
lobe was the one implicated. I saw A. B. again a day or 
two later, this time with Mr. Ballance and Dr. Purves 
Stewart. Mr. Victor Horsley also saw the patient. The 
question of operation was considered; it was decided not to 
operate. 

It is very unfortunate that necropsy was not permitted, 
but the case is clinically a very important one, especially, I 
think, as exhibiting the association of a warning of a crude 
sensation of, smell with the “dreamy state," and with 
the emotion fear, in slight epileptic seizures. The notes 
were taken by Dr. Purves Stewart. Dr. Stewart will 
remark on the question of localisation of the lesion, on 
the olfactory and paralytic symptoms, and on some other 
points. 

I have published a case somewhat like that of A. B. 
(Bray, July, 1888, part xli., p. 191), but unfortunately 
necropsy was not permitted; that case, however, is one of 
great clinical interest. Dr. Stewart will mention other 
cases already published of epileptic fits with crude (warning) 
sensations of smell, cases completed by necropsies. 

I have several timps? written on the group of cases of 
epilepsy to which that of A. B. belongs; and have (Lancet, 
- January 14, 1899), suggested for these cases the name of 
Uncinate Group of Fits; this was on the hypothesis that 
the discharge-lesions in these cases are made up of some 
cells, not of the uncinate gyrus alone, but of some cells of 
different parts of a region of which this gyrus is part—a 
very vague circumscription, I admit—the uncinate region. 
In cases of this group there is at the onset of the 
paroxysms a crude sensation of smell or one of taste, or 
there are movements of chewing, smacking of the lps, &c., 


l The title given to the, report of the case is a short summary of its 
symptomatology :''' Hipileptic Atteoka with orude Sensation Warnings, by 
Smells and the ‘Mpigastric’ Sensation, ‘Intellectual Aura,’ or ‘Dreamy 
State.’ Double Optio Neuritis. Attacks of Loft-slded Tremor. Apoplexy 
and left hemiplegia. No necropsy.” 

1 Med. Times and Gazette, vol. i., 1879; Bram, July, 1880; Bram, July, 
1888; Dn (with Dr. Beevor), Oct., 1889; Dsg (with Dr. Colman), 
Winter Number, 1898; Lancet, January 14, 1899. 
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(sometimes there is spitting). In some cases of this group 
there is a warmng by what is known as the epigastric 
sensation, a crude development of a systemic sensation ; 
this warning sometimes occurs along with & crude sensation 
of smell or with the chewing, &c., movements. Different 
varieties of this group of cases depend, I suppose, on 
discharge-lesions of different parts of what I call the 
uncinate region. As will have been inferred, it is supposed 
_that especially in this cortical region, not confined to this 
region, are the physical bases of some of the systemic 
sensations—the physical bases of those systemic sensa- 
tions which, to speak very roughly, especially appertain to 
the digestive system. 

Many of the symptoms of even slight paroxysms of 
uncinate fits depend, of course, on discharges wide-spread 
beyond, some far beyond, the uncinate region—depend on 
discharges secondary to the primary discharge, that of the 
discharge-lesion. 

There is the dreamy state in the paroxysms of many, not 
of all, cases of the uncinate group of epileptic fits. 

I hope soon to be able to write more fully on the uncinate 
group of epileptic fits. I shall then consider exceptions to 
the statements made in the preceding paragraph, and shall 
re-enquire particularly as to the relation in slight epileptic 
paroxysms of crude auditory sensations to the dreamy state. 

A. B. had only slight epileptic attacks, le petit mal, 
and two degrees of them; in the slightest of his slight 
attacks he had crude sensations of smell and the dreamy 
state; in the severer of his slight attacks there was ''un- 
consciousness " without the crude sensation and without the 
dreamy state. ‘ 
^. The dreamy state in the uncinate group of epilepsies 
varies very much in different cases. In A. B. it was the 
peculiar intellectual state which many healthy people or 
people slightly out of health have occasionally—Reminiscence. 


1 As I have said, the dreamy state does not ocour in the eebe of every 
case of the uncinate group, and I now say, too, that the y state may, 
according to statements of patients and eir friends, ocour without any one 
of the crude sensations I have mentioned in the text, and without the 
chewing, &c., movements. 


H 
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It is quite evident that in some slight epileptic paroxysms 
with the dreamy state—in all of them, I helieve-—-there is a 
kind of double consciousness—a “mental diplopia.” In & 
quotation from Herpin (vide infra) wil be found clear 
evidence of ‘‘ mental diplopia" in Several of the cases he 
mentions. I think, too, that there. is probably some defect 
of consciousness in every paroxysm with the dreamy state ; 
certainly there is in some of them. The psychical condition, 
therefore, is & very complex one. There is defect of con- 
sciousness, so far negatively. Positively, there is (1) the 
quasi-parasitical state of consciousness (dreamy state), and 
(2) there are remains of normal consciousness; and thus. 
(1 and 2) there is double consciousness. To discover the 
physical conditions correlative with this complex psychical’ 
condition is a very difficult task. There: was also an 
abnormal! emotional state in some at least, of A. Bs 
severer slight attacks—fear, and a sense of impending death; 

`. in the slighter of his slight attacks there was an expression 
of “one facing an expected horror" (see Herpin, Des Acces, 
&c., p. 111, quoted at the end of these remarks). I have 
. said, Med. Times and Gazette, March 1, 1879, that the 
` epigastric sensation in epileptic paroxysms is often accom- 
panied or quickly followed by the emotion fear. Sir ` 
William Gowers thinks that this association is very rare. 
A. B. had no epigastric sensation warning. 

We must not, in this part of our investigation of epileptic 
paroxysme, limit enquiry to the. symptom fear; we havé to 
take heed of all departures from the patient’s ‘ ordinary 
state of feeling.” And it must be well borne in mind that 
the departure in uncinate paroxysms isin some cases towards 
& more pleasurable, although more often towards a more 
disagreeable, state. Further, what is obviously equally 
significant, early in the course of & case of epilepsy the 
feeling in the slight paroxysms may be pleasurable, and, 
later, disagreeable—differences depending probably on the 
degree and rate of the discharge of the discharge-lesion. 

The symptom at the onset of se. Bi attacks—that 


1 I say abnormal because, of course, I do nob mean the natural fear of the 
fit itself, 7 ut & fear which “ comes by itself ”—the symptom fear. 
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external objects seemed to be far away—deserves careful 
attention. 

In, or before, or after some slight paroxysms of cases of 
the uncinate group, there are gastric or intestinal symptoms, 
or both. 

To speak very roughly, much of the symptomatology of 
uncinate fits refers very especially to the digestive system ; 
the crude sensations, smell, taste, and the epigastric sen- 
sation are, to speak with brutal disregard of psychological 
propriety, crude developments of “digestive sensations.”+ 
In what, for reference, I will call Herpin’s “third smell 
case” (vide infra), there were in the patient’s paroxysms 
crude sensation of smell, abnormal intellectual and emotional 
states, and gastric spasm. The dreamy state, an abnormal 
intellectual state, is not a ‘digestive symptom,” nor is an 
abnormal emotional state. But the occurrence in healthy 
people of gastric and intestinal states, things physical, along 
with the psychical states, pleasure and pain, is known to 
everybody (“bowels of mercy," Zei The occurrence of 
gastric and intestinal symptoms in some cases of uncinate 
fits with abnormal emotional states is obviously significant. 

I take this opportunity of advising the younger medical 
neurologists to study carefully Herpin’s writings on Epilepsy. 
I have long known his valuable work,-Dw Pronostic et du 
Traitement Curatif de UEpilepsie, 1852, but I have only 
recently heard of his still more valuable work, Des Acces, : 
Incomplets d'Epilepsie, 1867. I give, from the latter work, 
a quotation whi-h mentions one case of the association of 
an intellectual aura (“dreamy state”) with a crude. sensa- 
tion warning of smell in epileptic paroxysms (‘ third smell 
case ’’). 

Among three hundred cases of epilepsy observed by 
Herpin there were three, the paroxysms of which began 
by a warning of smell. In the report of only one of these 

1 Although smell takes low rank as it serves as a “digestive sensation,” 16 
has very high rank in another way. It has been called the most suggestive 
of all the senses; and smells have remarkable power in calling up remem- 
brances of past scenes. We must, however, for several reasons, not be hasty 
in concluding anything from this with regard to explanations of the nature 


of the association of crude sensations of smell with the dreamy state 1n slight 
epileptic paroxysms. 
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three (I called it Herpin’s “third smell case") is what 
I take to be a “dreamy state” (“tristes souvenirs ’’—‘‘ un 
trouble intellectuel”) mentioned; the patient’s emotional 
state in her paroxysms, from the description Herpin gives in 
the words I italicise, was similar to that A. B. had (‘‘ sense 
of fear and of impending death ") in those of his paroxysms 
in which he lost consciousness. Herpin writes, Des Accés 
Incomplets d’ Epilepsie, pp. 115 and 116, 1867 :— 

“ Lun de trois malades à début par de fausses perceptions 
d'odeurs perdait si vite connaissance qu'il ne pouvait que 
rarement avertir. Un autre sentait l'odeur descendre dans 
la gorge; alors toute perception se perdait. La troisième 
éprouvait une sensation qui de la gorge descendait dans 
l'estomac ou elle se convertissait en inquiétude et en tortille- 
ments; pendant ce spasme, de tristes souvenirs assiégeaient 
la patiente; il lui semblait quelle allait mourir; aussi, 
quoique l'odeur fût agréable, l'impression qu'elle en éprouvait 
[était] des plus pénibles, mais bientôt elle perdait ses sens. 

“Dans les débuts par l'organe olfactif, l'abolition de la 
conscience suivait done le plus souvent le prélude; dans un, 
cas, celui-ci était suivi d'un spasme gastrique précédant 
wn trouble intellectuel pendant lequel la connaissance se 
perdait.” 

In the following quotation from p. 140 op. cit., Herpin 
mentions a case so similar to the third case mentioned in the 
foregoing quotation from pp. 115 and 116, that, I think it is 
the same case—that there is, in one of the two reports 
: (pp. 115 and'140), some mistake in the words which indicate 
sex. ; 
“De trois patients à début par de fausses perceptions 
d'odeur, deux:n’avaient pas d'accidents moindres que les 


vertiges. Le troisiéme avait quelquefois de simples preludes ;. 


la mauvaise odeur ne s'étendait pas au de là des fosses 
nasales (tandis que dans le vertige la sensation descendait 
dans la gorge); bientót tout était fini; il n'y avait pas trace 
de trouble intellectuel; il appelait ces accidents légers 'ses 
mauvaises odeurs." In this third case (supposing it to be the 
same as the third case Herpin mentioned, pp. 115 and 116), 
the paroxysms were sometimes very slight indeed, simple 


* 
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preludes; there were then crude sensations of smell without 
the ‘trouble intellectuel" ; in somewhat stronger slight fits 
there was the “trouble intellectuel ” also—differences due to 
differences in the degree of “intensity” of the primary 
‘discharge, that of the discharge lesion, and consequent 
differences in the range of the induced (secondary) discharges 
of the normal nervous elements with which the fulminant 
cells of the discharge lésion were connected. 

I have several times drawn attention to the importance 
of taking careful note of chewing, &c., movements in 
epileptic paroxysms; they occur in one variety of uncinate 
fits, and sometimes there is, as in the other varieties, the 
, dreamy state with them, and sometimes, as in the other 
varieties, there are elaborate actions during so-called 
unconsciousness after such seizures. There were no such 
movements in A. B.’s paroxysms.! I published (with Dr. 
Colman) a case 1n which there were such movements in the 
epileptic paroxysms of a patient who had the dreamy state 
(case of Z., BRAIN, Winter Number, 1898), small focus of, 
or relics of, softening in the left uncinate gyrus. As I have 
several times mentioned, I consider in accord with certain 
of Ferrier's inferences from experiments on the monkey, 
that these movements signify—are indirect consequences of 
—epileptic discharges of cortical gustatory elements. I 
quoted an account of an epileptic paroxysm with these 


! Most neurologists will have read the report of a very remarkable case 
published by Dr. Mesnet (L'Union Medtcale, Juillet 21 et 23, 1874), a case of 
what he calls “ Pathological Somnambulism.” I draw attention to the words 
of Dr. Mesnet, which I have italicised in the subjoined quotation. 

He writes of his patient: Sa démarche est facile, son attitude calme, sa 
physionomie paisible; il a les yeux largement ouverts, la pupille dilatée; le 
front et les sourcils contracturés, aveo un mouvement incessant de nystagmus 
&oousant un état de malaise, de souffrance vers le tête; et un mdchonnement 
coniu.” There ıs no mention of a dreamy state, and it appears that 
the “ müchonnement " was not at the onset of the paroxysms only 

This case is remarked on by the late Professor Huxley ip an article 

* Animal Automatigm ” (“Collected Essays,” voli.) The case has also been 
remarked on by Azam (Tuke’s “Dict. of Psych. Med.,” article, “ Double 
Consciousness’), and by the late Hack Tuke, in his work on Somnambulism. 
Huxley alone mentions the *‘ chewing motion of the jaws,” 

Without expressing any opinion as to the nature of the case Dr. Mesnet 
reports, I may say that I have notes of cases in which after epileptic fits 
which began by chewing, &o., movements, or by a orude sensation of smell, 
there have been post-epileptic actions of great elaborateness during so-called 
unconsciousness, 
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` movements (máchillement, Ee) Lancet, January 14, 1899, 
from Herpin's De Epilepsie, p. 275, 1859; there is in 


l 


Herpin’s report of that case no mention of a dreamy state. 


I now give & quotation from Herpin’s other work, Des . 


Acc, &c. I do so to impress on the younger medical 


neurologists the great importance of observing a symptom: 


which at first thought may seem to be of little value.’ 


Herpin wrote, Des Accès Incomplets d Epilepsie, pp. 150-1, ` 
“Bn étudiant les débuts des attaques, nous avons décrit les’ 


symptômes qui se lient a ce spasme [le spasme pharyngé] 
sous les noms de máchonnements, de mastication, de gusta- 
tion, de déglutition, nous ne répéterons pas cette description, 
‘mais nous devons insister sur le fait que ces signes sont 


précieuz pour le vertige comitial qu'ils distinguent du vertige 


ordinaire d'une syncope légére, d’un faible accés hysterique, 


&c. (No italics in original.) Ces phénoménes sont, chez - 


quelques épileptiques, tellement caractérisés et constants, 
que les patients, au lieu de donner aux accés incomplets 
dans lesquels il se montrent, les noms, en quelque sorte 
aes e. d'absences, d’étourdissements, de fausses attaques, 
les appellent mouvements de bouche, machonnements, 

S rincements de bouche.” (Italics in original.)? 
I give also part of what Herpin wrote on perturbations 


` de l'intelligence (commonly called intellectual sure), which ` 


I call dreamy states. It is a pity that he did not mention 
the particular “hallucinations” some of the patients had ;. I 
imagine these “‘ hallucinations” were what I iam crude 
Sensations. 

“Pour dix patients le début See en des ours 
tions de l'intelligence, avec ou sans hallucinations. Des 
exemples peuvent seuls donner une idée juste de ces aberra- 


.. tions; une malade d'un esprit trés-distingué nous disait: ' Tl 


s'agit d'un trouble purement intellectuel; je n'ai ni éblouisse- 
ments, ni vertiges, je puis lire encore les mots, mais je n'en 


‘I do not think, I may say here, that Herpin distinguishes between what 
we now call the epigastric sensation warning and warnings by gastrio spasm. 

7One of my patients W who had such movements at the onset of slight 
epileptic attacks (no, iind state, but s temporary very elaborate quasi- 
somnambulistic state after seizures), in & letter to me, Mu of his fits as 
“ champing fits,” 
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comprends plus le sens. C'est un état des plus pénibles ; 
il me semble qu'une partie de mon intelligence assiste à 
l'égarement de l'autre. . . . Un jeune prêtre de grande 
espérance s'exprimait ainsi: ‘Ce sont des idées sans suite et 
cependant contradictoires; si j'entends une conversation, 
elle me suscite deux idées qui se combattent; je perds le 
tate et non pas la connaissance; j'entends, je comprends, 
mais mon esprit est ailleurs.’ Autre version d'un autre 
patient: ‘Il y a en moi deux personnes dont l'une jouit 
de la raison et l'autre déraisonne. Un épileptique parlait 
d'une idée fixée, toujours la móme, mais qu'il n'a jamais pu 
se rappeler. Un autre mentionnait seulement un égarement 
de la ruson. Une jeune personne d'un esprit trés-observateur 
racontait ainsi le début de ses attaques: ‘Je suis prise, sans 
cause, d'une tristesse subite, et a l'instant même mes yeux 
restent fixés sur un objet et ma pensée sur une idée qui me 
rappelle limage trés-nette d'un ancien rêve; l'idée fixe 
m’absorbe tellement que, quoique je regarde toujours vers le 
méme point, je ne vois plus l'objet. "— Des Accès Incomplete 
d' Epilepsie, 1867, p. 111. 

One reason for giving these quotations is that some of 
the symptoms I have mentioned here and in other papers as 
occurring in some slight epileptic paroxysms, seem so odd 
that the reports of the cases may appear to some medical 
men more like collections of scientific curiosities than things 
with practical bearing. I wish to show by the quotations 
from Herpin that statements essentially the same as those 
I make were made by a great authority long ago. I will 
here quote from a former article, Brat, July, 1888, p. 187.! 

“ Before leaving this part of my subject, I remark, by 
way of recapitulation, that he who neglects the ‘dreamy 
state,’ because it is indefinite and ‘merely curious,’ and 
such symptoms as chewing, &c., movements, and apparent 
alteration 1n the size and distance of external objects, because 
they seem trifling things, may not even surmise that his 
patient has the serious disease, epilepsy, in a rudimentary 
form, until a severe fit comes to tells him so.” 


1“ On a Partioular Variety of Epilepsy (‘Intellectual Aura"): One case 
with Symptoms of Organic Brain Disease.” 
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REMARKS ny Dr. Purves STEWART. 


In the above case the history of gradual mental impair- 
ment followed by attacks of unconsciousness, together with 
the presence of headache, of optic neuritis, and of slight hemi- 
plegia, pointed to the existence of gross mtra-cranial disease. , 
The left-sided weakness, most marked in the face, but also 
distinct in the arm and leg, indicated clearly as the site of 
the lesion some part of the motor tract, or of its vicinity, in 
the right cerebral hemisphere. The absence of hemianss- 
thesia and of hemianopia showed that the lesion was pro- 
bably not in the neighbourhood of the internal capsule, but 
that it was situated more towards the cortex of the brain, a 
view which strengthened by the presence of “ cortical anss- 

‘thesia’ of the left hand.’ The occurrence of Babinski’s 
extensor plantar reflex—extension of the hallux instead of 
the normal flexion, on tickling the sole, of the foot—was not 
sufficiently constant to be of much significance. 

The peculiar nature of the paroxysms, and especially their 
association with a sensation of smell, pointed to ‘some ab- 
normal condition of the tem poro-sphenoidal lobe. 

"Drs. Hughlings Jackson and Beevor' record the case of a 
sarcoma, the size of a tangerine orange, situated at the most 
anterior extremity of the mght temporo-sphenoidal lobe. 
During life the patient had left hemiplegia, without hemi- 
anopia, hemiansesthesia, or affection of smell, taste, or hear- 
ing. She also had numerous fits with an “intellectual aura " 
and a “ horrid smell of dirty burning stuff." 

Drs. Hughlings Jackson and Colman? also record a case. 
of & small subcortical patch of softening in the left uncinate 
gyrus. The patient had been subject to epileptic attacks 
accompanied by a “dreamy” state, with smacking move- 
ments of tongue, lips, and jaw, but without crude sensations 
of taste or smell. 

Dr. James Anderson? published a case of a large basal 
cystic sarcoma arising from the pituitary body and spreading 
into the left temporo-sphenoidal lobe. It had given rise to' ' 
attacks of peculiar sensation in the right hand, preceded by 
a sensation of a bitter taste in the mouth, with occasionally 
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also a peculiar smell, and accompanied by the “ dreamy 
state.” -There were never any chewing or smacking move- 
ments of the lips. Smell was impaired on the left side, and 
there. was slight defect of taste on both sides, especially the 
left. From affection of the left optic nerve, optic chiasma, 
and optic tract, the patient had blindness of the left eye with 
temporal hemianopia in the right. 

Mr. Netüeship* also records a case of tumour of the 
pituitary body implicating the left optic nerve, chiasma, and 
tract, as well as the left temporo-sphenoidal lobe. In that 
case there had been paroxysmal sensations of suffocation in 
the nose and mouth. There is no mention of a dreamy state 
in that case. 

Sanders® records a case of a large glioma on the under 
surface of the brain, involving the anterior part of the left 
temporo-sphenoidal lobe and the lower convolutions of the 
left frontal lobe, and destroying the left olfactory tract. The 
patient had fits, preceded by a warning of a “dreadful dis- 
agreeable smell,” also chewing movements of the jaw and 
spitting of saliva. Later he had convulsions affecting the 
face, but not the limbs. No dreamy state was recorded in 
that case. 

Dr. McLane Hamilton’ also published a case of localised 
chronic pachymeningitis affecting the right uncináte gyrus 
and part of the adjacent convolutions, but without involve- 
ment of the olfactory bulbs. The patient had been subject 
to attacks, preceded by a peculiar disagreeable odour, either 
of smoke or of a foetid character. No mention was made of 
any dreamy state. ` 

In our case of A. B. the view as to the localisation of the 
disease in the right temporo-sphenoidal lobe was further 
supported by the impairment of hearing in the left ear 
' without any discoverable cause in the ear itself, and, there- 
fore, possibly referable to some slight affection of Ferrier’s 
auditory centre on the side of the lesion. 

The slight ‘‘ cortical anesthesia,” the slight hemiplegia, 
most marked in the face, together with the occurrence of 
localised fits in the left arm and hand before death, are facts 
which, so far as they go, indicate either that the lesion was 
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not confined to the temporo-sphenoidal lobe alone, and ex- ) 


tended to the lower central convolutions so as to affect the face 


and arm centres, or, more probably, that it pressed upwards ^ 


in that direction. 

The absence of an autopsy unfortunately leaves undeter- 
mined the exact nature and limits of the lesion. On the 
whole, the slow course and progressive march of the symptoms 
indicate that it was a new growth of some sort. The history 
of septicemia rendered it conceivable that & chronic abscess 


: might have been present. Mr. Ballance informs us that he ` 


. has known a brain abscess to lie latent for fifteen months 
after an attack of septicemia, without previous otorrhoea or 
other apparent local exciting cause, at the end of which 
period syniptoms appeared for the first time, and rapidly 
proved fatal. Butin A. B.’s case the symptoms were those 
of a lesion involving not only the temporo-sphenoidal, but 
also the lower central region, and this with very slight 
motor weakness, less in amount than an abscess of such size 
would have been likely to produce. It is, therefore, more 
probable that there was an infiltrating growth involving 
dd temporo-sphenoidal lobe and the adjacent part of the 
"central" region. This, however, is mere hypothesis, and 
the absence of an autopsy is much to be regretted, 
Amongst other points of interest in the case is the uni- 
lateral optic neuritis present on the side of the cerebral 


lesion. Mr. Marcus Gunn,’ in a discussion on the diagnosis. 


of brain tumouts, states that unilateral, or préponderatingly 
unilateral, neuritis is, on the whole, in favour of the tumour 
- being on the same side as that on which the neuritis is more 
intense, if other reasons exist for localising the tumour far 


forward in the brain. Our patient’ 8 case, 80 far as it goes, . 


seems to bear out Mr. Gunn's views. But the rule is not an 


invariable one, for I have seen a case of a large frontal , 


tumour in which the optic neuritis was both earlier and more 
intense on the opposite side from the lesion. 

The reinarkably large appetite, which our patient ex- 
hibited up to the last, is of interest when-considered with a 
case of temporo-sphenoidal abscess and a series of cases of 
head injuries published by Mr. Stephen Pagét,® in which 
` voracious hunger or thirst were outstanding symptoms. 
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REMARKS ON ‘LOSS OF MOVEMENTS OF THE 


INTERCOSTAL MUSCLES IN SOME CASES OF - 
SURGICAL ANESTHESIA. BY CHLOROFORM | 


.AND ETHER. 
^ , BY J. HUGHLINGS JAOKSON, M.D., P.R.S. 
i: UE 
JAMES 8. COLLIER, M:D., B.80., M.B.C.P.LOND. 
" Part Li, 4 


Ix the Sen J anuary 2, 1897 (Neurological Fragments, 
No. 17), I mention, in a footnote, „the condition of the respi- 


ratory apparatus i in some cases of surgical anesthesia. A few .' 


years ago, Dr. Howard Sturge, my then house physician at 
the London Hospital, told me he had observed that a woman’s 
breathing became abdominal when she was under chloroform. 


(By abdominal breathing in this note is meant respiration in, 


which the diaphragm acts without the co-operation of the 


intercostal muscles, there being no respiratory movements , 


of those muscles.) I have, since hearing Dr. Sturge’s 
: remark, observed abdominal breathing during surgical 
` anesthesia in several cases, both in men and women; the 
abdominal breathing is more striking in women because 
their normal respiration is chiefly costal. T learn from Dr. 
. Hewitts very interesting work “ Anwsthetics and their 
Administration," p. 219, that ‘‘ Snow stated that thoracic 
movements usually cease before the abdominal.” \(Dr. Hewitt, 
' js speaking of an over-dose of chloroform.) Abdominal 
‘breathing occurs in some cases of coma (apoplexy) in men 


and women from other causes than chloroform and SR D 


WEE written by J. E J. 
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In many cases of apoplexy the breathing is mainly costal, 
the epigastrium .sinking in’ inspiration. Probably the 
manner of respiration differs much according to the stage of 
coma in apoplexy as it does according to the stage of surgical 
anssthesia. In this note I speak only of abdominal breath- 
ing in the coma of surgical anwsthesia. I much regret that 
I have not noted in all the cases I have observed, whether 
the anesthetic used was chloroform or ether, or some 
mixture of anesthetics. 

Whether the breathing becomes abdominal or not pro- 
bably depends most on the degree of the anesthesia. I will 
mention two cases in illustration of this remark. I saw 
with Mr. Ballance’ and Dr. Collier a girl, 19 years of age, 
who had chloroform for a short examination (functional 
affection of one hip) ; during the anesthesia her intercostals 
acted in normal fashion during respiration. , I suppose the 
anesthesia in this case was not nearly so deep as that in the 
following: I saw & young man made deeply anesthetic 
with chloroform by Dr. Dudley Buxton for an operation 
of trephining the skull by Mr. Horsley; in this patient the 
intercostals did not act; abdominal breathing was well 
marked and great, the diaphragm being in vigorous action. 
We have to consider stages of anssthesis. I have seen the 
breathing almost solely costal in men ansesthetised ` possibly 
this was in an early stage of their anwsthesia. Dr. Collier 
will remark on this part of our subject. 

In cases of surgical anesthesia where the intercostal 
. muscles do not act, there is, at any rate, loss of their 
respiratory movements. This may seem rather an absurd 
remark. But there are, I submit, non-respiratory as well as 
respiratory movements of these muscles. I have (N. F. 
No. 15, Lancet, February 28, 1895) drawn attention to the 
difference between their respiratory movements on the one 
hand, and their “voluntary” (cerebral, non-respiratory) 
movements on the other hand. In another note (N. F., 
No. 12, Lancet, December 22, 1894) I published a case (of 
supposed pneumonia) in which there was loss of the respira- 
tory movements of the intercostal muscles with possibility 
of perfect “ voluntary ” (cerebral, non-respiratory) movement 


H 


552 ORIGINAL ARTICLES AND CLINICAL CASES 


of those same muscles. In that case these muscles did not 
act at all in the patient's respiration proper; his breathing 
was abdominal, and yet acted quite well in the “ voluntary " 
(cerebral, non-respiratory) movement of drawing in his breath 
when told, the so-called (mis-called) “forced inspiration.” 
I suggested (N. F., No. 12) that in this case there was loss 
of function, produced by pneumo-toxin, of the lateral horns 
of the cord (some centres of the costal part of what I call 
the Lowest Level of the central nervous system), from which 
resulted loss of the respiratory movements of the intercostal 
muscles; a further suggestion was that there was integrity 
of the remainder of the (costal) anterior horns, so that upon 
cerebral instigation this remainder acted effectually on the 
intercostal muscles in the “ voluntary " movement of draw- 
ing in the breath, expanding the chest on command—a non- 
respiratory movement. It is possible that in the abdominal 
breathing of deep surgical anesthesia from chloroform or 
ether, the lateral horns are affected earlier than, and that 
they are affected more than, the remainder of the anterior 
horns. But it is not likely that we could show that in these 
cases the remainder of the anterior horns is intact or but 
little affected, because no "7 voluntary" (cerebral) movements, 
ordinarily so-called, can, in the circumstances, be instigated 
from the cerebral cortex. Yet a patient may call out loudly 
when under chloroform or ether. In normal circumstances 
such calling out would’ imply prior inspiratory movement of 
the upper chest; rather, I ought to say (since drawing in 
the breath prior to vocalisation is a “voluntary,” at any rate, 
a cerebral movement), it would imply expansion of the chest; 
it does not follow, however, that in surgical anesthesia the 
movement prior to the vocalisation of calling out loudly, 
supposing there to occur such a movement, is costal; it may 
be diaphragmatic. It may be well to observe whether a 
movement of the intercostals for expanding the chest can 
occur in & patient so deeply anesthetic by chloroform or 
ether that the respiratory movements of these muscles are 
lost. It will however, most likely be held that the quasi- 
voluntary movement mentioned could not occur in so great 
a depth of surgical anesthesia as that in which the respiratory ` 
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movements of the intercostals are lost. There is something 
more to be said here. Dr. Collier allows me to borrow from 
his remarks (see Part IL) what he writes on the case of & 
child deeply anaesthetised and breathing only with the dia- 
phragm, that is in & condition in which the intercostals did 
not act in respiration. Dr. Collier writes: ‘‘ When the 
operation was commenced the patient uttered two or three 
groans, each being preceded by an inspiratory movement in 
which the elevation-expansion movement of the chest was 
very marked." 

There is another possible cause of loss of the move- 
ments of the intercostal muscles in deep anmsthesia to 
be considered. The late Dr. Franklin Hooper, of Boston, 
stated in a paper read before the American Laryngological 
Association, in 1885, that (now I quote from a lecture by 
Sir Felix Semon, Brit. Med. Journal, January 1, 1898), 
“ stimulation of the recurrent laryngeal nerve, uncut or 
cut, with an electric current, which throughout was kept 
equally strong, resulted in adduction of the corresponding 
vocal cord when the narcosis—he always employed ether— 
was slight; whilst, when the anesthetic was pushed to the 
condition of very deep narcosis, stimulation with a current 
of the same intensity resulted in decided abduction of the 
corresponding cord. This very extraordinary fact has, I 
am afraid, never met with the attention it deserves, although 
Mr. Horsley and I (‘ On an apparently Peripheral and Differ- 
ential Action of Ether upon the Laryngeal Muscles,’ Brit. 
. Med. Journal, 1888) have specially pointed out its impor- 
tance, after having convinced ourselves, by repetition of 
Dr. Hooper's experiments, of the correctness of his state- 
ments. The fact that the result of electrical stimulation— 
‘currents of the same strength being used throughout— 
entirely differs according to the depth of the narcosis, not 
only when the: entire recurrent, but also when, after its 
section, its peripheral end is stimulated, clearly points to 
the conclusion that the difference cannot be due to any 
differentiating influence of the anesthetic agent upon the 
nerve centres, but that there must be a specific peripheral 
and differential action on its part, through the agency of the 

VOL. XXII. l 36 


554 ORIGINAL ARTICLES AND CLINICAL OASES 


circulation, upon either the nerve-fibres, the nerve-endings, 

or the muscular substance itself. In other words, there 

must be biochemical differences between the two antago- »- 
nistic apparatus, which in all probability some day will 

explain the fact of the greater vulnerability of the abductors 

as compared with the adductors.” 

So it is possible that in deep surgical anwsthesia the 
inaction of the intercostal muscles may be partly or mainly 
or solely owing to action of the drug upon the muscular 
tissue of the intercostals or on motor nerve endings in 
these muscles. If the intercostals are fully paralysed by 
such local action of ether, they could not act in any way, 
neither respiratorily nor in any ‘possible quasi-voluntary. 
expansion. 

In chronic cases of disease of the nervous system paralysis 
of the intercostal muscles may be overlooked. This paralysis, 
at least if it develops slowly, does not seem to trouble a 
patient who is obliged to keep his bed by paralysis of the ` 
limbs or by other equivalent incapacity. Iam not sure that 
some important characters of paralysis of the intercostal 
muscles are widely enough known. We must bear in mind 
that (Duchenne) the diaphragm can by itself, that is, I mean 
can, when the intercostal muscles are paralysed, raise and . 
evert the lowest ribs. These ribs, diaphragmatic ribs 
Duchenne calls them, always move as mentioned, so far as I 
have yet seen, in cases of paralysis of the intercostal muscles 
from disease or injury of the spinal cord (with perhaps one 
exception in an infant), as well as in cases of that paralysis 
in surgical anesthesia; they acted vigorously in the case of 
Mr. Horsley’s chloroformed patient (vide supra). Action of 
the lowest ribs in these cases does not show, as the inexperi- 
enced might suppose, that the lowest intercostal muscles 


` - have escaped paralysis, and that only the upper ones have 


suffered. Faradisation of the phrenic nerve causes, among 
other effects, eversion and raising of the lowest ribs. 

I think paralysis of the upper intercostals may be partly 
masked in surgical anesthesia by great over-action of the 
scalene muscles. In a man deeply etherised by Dr. Buxton 
the diaphragm acted vigorously; the lowest and middle 
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parts of the sternum sank in inspiration, but the sides of 
the uppermost parts of the chest did not; in this case 
however the scalene muscles were in very great activity 
(the diaphragm and scalene muscles can act together in 
concertina fashion). 

It must be well borne in mind that the upper chest wall 
does not stand still in all cases of paralysis of the intercostal 
muscles; in young people it may move a great deal. But in 
` these cases the upper chest during respiration moves in & 
wrong way; it sinks in inspiration—sinks when it should 
rise—sinks when the diaphragm acts; so to say, the upper 
chest is “sucked in” in inspiration. The movement of the 
upper chest after this one of “ sucking in "—the movement 
of the upper chest during relaxation of the diaphragm—is 
only recoil, and is in the opposite direction of-the normal 
- recoil in the expiration of the healthy. There is no muscular 
action of the intercostal muscles in either the “sucking in 
movement" or in the “return” movement, that by recoil. 
In some cases of this kind when respiration is rapid paralysis 
of the intercostals may not be easy to determine; the upper 
chest moves up and down very frequently, and the timing of 
its motions with the equally frequent actions and relaxations 
of the diaphragm may be difficult. 

As to the mode of action of the diaphragm in causing 
movements of the lowest ribs, either in health or in cases of 
paralysis of the intercostals, I say nothing in this paper. I 
quote the following from Dr. G. V. Poore’s “Selections 
from the Works of Duchenne,” p. 325, (the reference is 
to Duchenne's L'Elecérisation Localisée, 8rd ed., pp. 901- 
921) :— 

" (4) Diaphragm. . . . (1) My experiments on men 
and animals show that the contraction of the diaphragm 
caused by electrifying the phrenic nerve, isolated or other- 
wise, from its nervous connections (communiquant ou non 
avec l'arbre nerveux) causes an elevation and outward move- 
ment of the diaphragmatic ribs as long as the abdominal 
walls are intact. The antero-posterior diameter of the base 
of the thorax is also slightly increased. In some cases the 
outward movement of the lower ribs is communicated to the 


upper. 
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“ This observation has been confirmed by clinical experi- 
ence. 

“ (2) If the belly be opened and the bowels pulled down- 
wards the contraction of the diaphragm by itself causes an 
inward movement of the diaphragmatic ribs.” 

I have not observed the movements of respiration of 
patients ‘deeply under chloroform during the operation of 
abdominal section for the removal of large cysts, &c., and do 
' not know whether in these cases the lowest ribs evert and 
rise or turn in. 

I suggested to Dr. James Collier a further research on 
the respiratory condition during anesthesia by ether and 
chloroform. An account of his observations follows. 


Parr II. } 


At Dr. Hughlings Jackson’s suggestion I have examined 
the respiratory movements in sixty patients, before and 
during the administration of anesthetics for surgical pur- 
' poses. Twenty-five of these patients were children, fifteen 
were male adults, and twenty female adults. In a few cases 
a graphic record of the thoracic and of the abdominal move- 
ments throughout the period of the administration of the 
, anwsthetic was taken by means of two recording stetho- 
graphs, one placed round the thorax and one round the 
abdomen. The anssthetics used were chloroform or ether, 
and in one case first ether and then chloroform was adminis- 
tered. I am indebted to the kindness of Mr. Stansfield 
‘Collier for the opportunity of examining children during his ` 
operations at the Hospital for Sick Children, Great Ormond 
Street. The results obtained are here summarised. 

(1) Chloroform anesthesia.—During the initial stages of 
the anssthesia the respiratory movements were increased in 
range and in frequency, and were either of the same type as 
before the administration of the anesthetic or were more 
preponderatingly thoracic, and this increase of range and 
frequency persisted until the struggling ceased. The respi- 
ratory movements then slowly became of less range, and the 
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elevation-expansion movement of the chest gradually became 
less and' less, while the abdominal movement was more 
marked than before the ansesthetic was commenced. 

At the period when the corneal reflex was no longer 
obtainable and when the anesthesia was complete, the con- 
dition of the respiratory movements was generally as follows: 
— The elevation-expansion movement of the chest was very 
slight, while the abdominal (diaphragmatic) movement was 
well marked. In the female patients this condition con- 
trasted most strikingly with the normal preponderatingly 
thoracic type of their respiratory movements. 

After deep anesthesia had lasted some time—a period 
which varied greatly with the individual, but which was on 
an average about fifteen minutes—the elevation-expansion 
movement of the thorax disappeared, though the scalene 
muscles still appeared to be in action, to a slight extent, in 
inspiration. Respiration was, with this exception, entirely 
abdominal. The eversion of the lower ribs in inspitation by 
the diaphragm was marked. The movement of the upper 
two-thirds of the chest alternated with the abdominal move- 
ment, the chest sinking in inspiration and rising in expira- 
tion. With a continuance of deep anmsthesia all trace of 
action of the scalene muscles disappeared. The diminution 
or cessation of the elevation-éxpansion movement of the 
chest seemed dependent, not upon the mere depth of the 
anesthesia, but upon the time which deep anssthesia had 
lasted. In these cases, after, the anesthetic was discon- 
tinued, the first elevation-expansion movement of the chest 
was noticed in the sigh of returning consciousness, after 
which the respiratory movements soon returned to their 
normal state. In cases where facial respiratory movements 
(action of dilatatores narium in inspiration) were present, such 


movements were lost early in the anesthesia, generally just . . 


before the loss of the reflexes. In cases where the anæs- 
' thesia was of brief duration, though sufficiently deep for 
minor surgical procedures, very little diminution of the 
expansion movement of the chest in inspiration was noticed. 
A similar result obtained in subjects addicted to alcohol, 
and in these patients, even after prolonged deep ansesthesia, 
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the elevation-expansion movement of the chest on inspira- 
tion was not lost, but only diminished. The susceptibility 
of different individuals to chloroform, as evidenced by the 
change in the character of the respiratory movements, 
seemed to vary greatly, 

(2) Ether anesthesia.—The results obtained were similar 
to those obtained with chloroform, with this important 
difference, that the elevation-expansion movement of the 
thorax in inspiration, though much diminished after pro- 
longed ether anesthesia, was never completely lost in any 
case that I have had the opportunity of examining. In one 
case, after deep anwsthesia had been kept up by ether for 
twenty minutes, the expansion of the chest in inspiration 
was still obvious. Chloroform was then substituted for the 
ether, with the effect that in about two minutes the expan- 
sion movement of the chest in inspiration became com- 
pletely lost. 

(8) Chloroform anesthesia in children.—'The observed 
cases seemed to fall into three gróups, according to the 
length of administration of the anesthetic and the suscepti- 
bility of the individual. 

(a) The elevation-expansion movement of the chest was 
greatly lessened, but was still present throughout the 
anesthesia. (Brief anesthesia.) 

(b) The diaphragmatic movement and the elevation of 
the upper chest by the scaleni was marked. Sinking in of 
the supra-clavicular and supra-sternal fosse was marked. 
This seemed to be due to an increased action of the scaleni, 
the first rib being drawn up farther than in normal respira- 
tion, and so making these fosses deeper. The expansion of 
the chest, except that produced upon the lower ribs by the 
diaphragm was lost. The middle region of the chest sank 
. passively during inspiration, the scaleni and diaphragm acting 
upon the thorax in concertina fashion. (Deep answsthesia.) 

(c) The inspiratory movement was solely diaphragmatic, 
the only thoracic movement being a slight raising and an 
` eversion of the lower ribs. The abdominal inspiratory 
movement was accompanied by passive sinking of the chest 

and the expiratory movement by recoil expansion of the 
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chest. (Deep and prolonged anwsthesia.) In two cases of 
this group, the anmsthesia was apparently deep and the 
corneal reflex was lost. The diaphragm was alone in action 
in the respiratory movement. When the operation was 
commenced the patient uttered two or three groans, each 
being preceded by an inspiratory movement in which the 
elevation expansion movement of the chest was very 
marked. 

The action of the diaphragm upon the lower ribs —By 
the kindness of Dr. Voelcker I have had the opportunity of 
examining the action of the diaphragm and the effect of its 
contraction upon the lower ribs in a case where the abdo- 
minal point d'appui of the diaphragm had been removed by 
an extensive abdominal incision and the removal of a very 
large ovarian cyst. Duchenne’ has proved that contraction 
of the diaphragm raises and everts the lower ribs, and, rely- 
ing upon experimental simulation of the phrenic nerves in 
animals, states that the diaphragm only elevates the lower 
ribs so long as it is supported by the abdominal viscera and 
parietes, and that when, in one of the lower animals, the 
abdomen is eviscerated, contraction of the diaphragm is 
accompanied by depression and drawing-in of the lower ribs ; 
and he rejects the opinion of Beau and Massiat? that the 
pericardium, &c., can afford a more or less fixed point from 
which the diaphragm can raise the lower ribs in its con- 
traction. * 

In Dr. Voelcker's patient, a girl of nine years old, a 
laparotomy was performed for abdominal tumour, and an 
ovarian cyst, the size of a large melon, was removed. 

Before the anssthetic (chloroform) was commenced, the 
respiratory movements were preponderatingly thoracic, and 
some diaphragmatic movement, with eversion of the lower 
ribs during inspiration, more marked on the left side, 
occurred. When anesthesia was complete the scalenes 
and diaphragm alone acted, the ‘‘ concertina action ” of the 
thorax being marked. 


t Physvologie des Mouvements, 1867, p. 692. 
* “Recherches sur la respiration," Arch. gener. de Med., 4e série, t. ii., 
Art. 8e. 
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A long incision was made in the middle line of the 
abdomen and the tumour turned out of the abdominal 
cavity whole, and removed, its pedicle being ligatured. The 
intestines were collapsed, and the abdominal walls were 
quite flaccid. 

In this condition the eversion of the lower ribs during 
inspiration was very marked, although the upper ribs sank 
during inspiration, and this continued so long as the 
patient was observed. According to Duchenne’s explana- 
tion of the mode of action of the diaphragm in raising the 
lower ribs the reverse should have happened, as the ana- 
tomical conditions were similar to those in his experiments 
upon eviscerated horses. 

The condition in this case suggests that there may be 
some justification for the opinion of Beau and Massiat. 


Parr II. 


We have to thank Dr. Risien Russell for the opportunity 
of observing the following experiments upon animals per- 
formed by him at the suggestion of one SC us (J. H. J.) for the 
elucidation of this subject :— 


Eaperiment I. Female Macacus rhesus. Ether anesthesta.— 
In the earliest stage of the anæsthesia the respiratory movements 
were quiet and chiefly abdominal There was a distinct elevation- 
expansion movement of the whole chest during inspiration, and 
there was marked eversion of the lower ribs during inspiration. . 
With deeper anesthesia, but before the corneal reflex was lost, 
the abdomiual respiratory movements became much exaggerated. 
(Dr. Russell informs us that this is the rule in the lower animals.) 
At this stage the chest, with the exception of the lowest ribs, sank 
during inspiration. The supra-clavicular regions and the upper 
intercostal spaces were “sucked in” during inspiration. This 
sinking of the chest was certainly due, as Dr. Russell suggested, 
to the aspiratory effect of the strongly acting diaphragm upon 
the comparatively soft ribs of the monkey, and this aspiratory 
effect entirely masked any elevation-expansion movement. The 
stage of anæsthesia at which this occurred was an early one, and 
at the corresponding stage of ether_anmsthesia in the human 
' gubjeo& no: thoracic paralysis is met with. When complete 
anesthesia was reached diaphragmatic movement became quiet 
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and regular, the chest sank quietly during inspiration ; there was, 
indeed, no trace of any elevation-expansion during inspiration, 
but the lower ribs were markedly everted. 

In order to exclude the possibility of any obstruction in the 
larynx producing the peculiar respiratory movements mentioned, 
the trachea was divided and a canula was introduced. The 
abnormal respiratory movements remained unaltered. 

The anesthesia was then allowed to pass off until the eleva- 
tion-expansion movement of the chest during inspiration returned. 
‘More ether was once more administered; on the deeper angs- 
thesia produced the same sequence of events as occurred on the 
first etherisation was again observed; first of all, exaggerated 
diaphragmatic action with passive ‘ sucking down ” of the upper 
' chest during inspiration ` and next, quiet diaphragmatic action 
with eversion of the lower ribs and gentle sinking of the thorax 
during inspiration. 

The ether anæsthesia was again allowed to pass off, when the 
elevation-expansion movement of the chest during inspiration re- 
turned, Chloroform was then administered, and the same effect 
was observed as with ether, but it was much more rapid. 
During deep anssthesia the trachea was clamped, and a few 
inspiratory movements preceded death. 


Hapervment II. Dog. Ether anesthesia.—During the earliest 
stage of the anssthesia the elevation-expansion movement of the 
thorax in inspiration became exaggerated. During the next 
stage—that in which there is rigidity, this movement was little 
marked owing perhaps to the rigidity of the trunk muscles 
(abdominal, thoracic and spinal muscles). With deeper anæs- 
thesia when the rigidity had disappeared the thoracic elevation- 
expansion movement in inspiration again became exaggerated. 
With still deeper anmsthesia the thoracic expansion during 
inspiration ceased, and was replaced by sinking of the chest 
during inspiration ` the movements of the chest and the abdomen 


alternating. The diaphragm was acting well, and the lower five | , 


ribs were markedly everted by the diaphragm. : 

Tracheotomy was now performed. The anesthesia was 
allowed to diminish and ether was later again administered. The 
same sequence of events occurred as upon the etherisation before 
tracheotomy. 

When in the stage of deep anesthesia, the intercostal move- 
ments were lost, and whilst the chest and the abdomen were 
moving alternately, the paralysis of the intercostals quickly gave 
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place to marked intercostal action if the anssthetic were discon- 
tinued for a short time. 

The intercostal muscles were now exposed on one side and 
their condition observed both in slight and in deep degrees of 
anesthesia. Under the first condition they could be seen and ` 
felt to be in vigorous action and in the second condition not to be 
acting at all. i 

The abdomen was then opened by a medium longitudinal ' 
incision from sternum to pubes, and the intestines were drawn 
out so as to do away with abdominal pressure. In this condition 
the anmsthesia was increased until there was complete logs of the 
elevation-expansion movement of the chest during inspiration, 
the abdominal and thoracic movements alternating, and yeti 
notwithstanding the fact that all support had been removed from 
the abdominal surface of the diaphragm, the eversion of the 
lower ribs was as marked as before the abdomen was opened. 

The effects of the chloroform were then observed, and were 
similar to, bat more rapid than those of ether. 


A CONTRIBUTION TO THE STUDY OF THE 
PYRAMIDAL TRACT IN THE CENTRAL 
NERVOUS SYSTEM OF MAN. 


BY WILLIAM G. SPILLER, M.D. 


Professor of Drseases of the Nervous System in the Philadelphia Polyclinic; 
Associate in the William Pepper Laboratory of Clinical Medicwie, Unwersity 
of Pennsylvania, U.S.A. s 


From the William Pepper Laboratory of Clinical Medicine. 
(TEE PHÆBE A. Huarst FOUNDATION.) 


Is the March, 1898, number of the Journal of Nervous 
and Mental Disease, Dr. H. A. Hare published a case of un- 
usual edema in hemiplegia. The brain from this patient 
was given to me by Dr. Hare and Dr. Harris, the pathologist 
who performed the necropsy. I was unfortunately unable 
to obtain the spinal cord, and the tract that I am about to 
describe could not be followed, therefore, below the lower 
part of the medulla oblongata. 

I examined carefully the brain, and in a horizontal seo- 
tion made at the level of the superior part of the optic 
thalamus and caudate nucleus I found a recent hemorrhage 
in the external capsule and lenticular nucleus of the left 
side. This hemorrhage appeared to be about the size of & 
hickory nut, and the brain substance around it was softened, 
more especially'on the inner side of the focus. The anterior 
part of the posterior limb of the internal capsule was 
evidently involved in the softening, but the optic radiations, 
except perhaps in their most superior part, appeared, macro- 
scopically, to be intact. In a section made horizontally 
through the left hemisphere, one inch below and parallel 
to the first section, no evidences of any lesion were seen. 

The case was a very suitable one for the Marchi method, 


564 ORIGINAL ARTICLES AND OLINICAL CASES 


as the patient had lived sufficiently long after the develop- 
ment of the hemiplegia for secondary degeneration to be 
well advanced. 

I noticed in sections stained with osmic acid (Marchi's 
method) from the'lower part of the medulla oblongata, a 
group of degenerated fibres lateral to the anterior horn. 
In tracing the tract towards its origin I used the greatest 
care to avoid mistake. The segments. to be placed in 
Marche fluid of course had to be very thin, and to avoid 
the loss of a segment at any part where the tract might make | 
a sudden bend, and, therefore, render the following of it 
difficult or impossible, I cut with the microtome each seg- 
ment entirely before I took another piece from the medulla 
oblongata. In this way I knew the position of the tract 
in the segments as they were successively studied, and was 
able to trace the tract to its separation from the degener- 
ated pyramidal fibres; and at a point where it did make an | 
abrupt bend I could follow it without any danger of error. 
It is not altogether, easy to trace an unknown bundle 
throughout its course by the Marchi method, for the loss 
of a small segment may lead to confusion. 

A brief description of my findings was published in a 
discussion of a paper by Dr. E. L. Mellus, read before the 
. Philadelphia Neurological Society.! 

The origin of the tract could not be determined. Its 
fibres were mingled with those of the degenerated pyra- 
midal fibres'arising in the left hemisphere, and as the lesion 
that caused the degeneration was on a level with the upper 
paxt of the optic thalamus, the tract in question must have 
arisen as high as the situation of this lesion. It may have 
arisen in the lenticular nucleus, or thalamus, or it may have 
come from the cortex. Very slightly below the level of the 
exit of the fifth nerve from the pons, a band of fibres could 
be seen distinctly separating from the outermost and lateral 
portion of the left pyramidal tract. This separation was at 
first gradual, and the two bundles remained close together 
for a short distance. Lower in the pons the more dorso- 
lateral of these two tracts passed quite abruptly backward 
' 1 Beuren, Journal of Nervous and Mental Disease, March, 1899, p. 178. 
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and slightly laterally, and entered the trapezoid body. At this 
portion of its course, in a transverse section, the bundle in 
passing backward formed a long and narrow band of hori- 
zontal lines of black dots, showing that the fibres were cut 
longitudinally. At the junction of the medulla oblongata 
and the pons it took a position lateral to the uppermost por- 
tion of the inferior olive. As the inferior olive increased in 
size, the bundle passed backward, and where the olive had its 
greatest width the bundle was on the posterior and lateral 
side’ of the lower olive, at the periphery of the medulla 
oblongata. The bundle remained on the left side below the 
motor decussation, but it could not be followed below the 
level of the first cervical segment, as the spinal cord could 
not be examined. The degenerated fibres forming this tract 
were numerous. In the medulla oblongata the position 
of the tract was very similar to that of Gowers’ bundle. 

Gowers’ tract has been studied by many investigators, 
but Hoche says that his two cases (1896) were the first in 
which the tract in adult man could be traced to its termina- 
tion in the cerebellum. Patrick traced it as far as the 
corpora quadrigemina. 

' According to Hoche, the extent of Gowers’ tract, as 
shown by secondary degeneration, depends very much on 
the location of the lesion producing this degeneration. 
When the lesion is situated low in the cord the degeneration 
does not extend above the cervical region. The method of 
staining also makes a very great difference, as the fibres in 
the upper part of the tract are so scattered in places that the 
loss of these fibres is not detected by the Weigert hematoxy- 
lin stain. 

Hoche refers to the fact that Gowers could not trace the 
tract above the upper part of the cervical swelling, and the- : 
lesion in his (Gowers’) case was in the upper portion of the 
lumbar swelling ; and that Schaffer could not trace it by the 
Marchi method above the second cervical root. If further 
investigations confirm these observations, Hoche thinks it is 
probable that only the fibres of Gowers’ tract from the 
upper and middle thirds of the spinal cord are in relation 
with the cerebellum, and that those from the lower third of 
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the cord connect cells within the cord at lower and higher 
levels, 4.e., those within the lumbar and sacral region with 
those within the cervical. If this view is correct it seems 
reasonable to suppose that descending fibres may be con- 
tained within Gowers’ tract. 

^ The course of Gowers’ tract as described by Boones is 
very different from that of the tract seen by me. In the 
first place, Hoche was describing ascending degeneration, 
from a lesion in the seventh thoracic segment in his first 
case, and I have observed descending degeneration. At the 
motor decussation the position of Gowers’ tract as given by 
Hoche (fig. 8, case 1) corresponds with the position of my 
bundle. The position of the tract in figs. 5 and 6 is also similar 
to that of my bundle, but in fig. 7 (the level of the knee of the 
facial nerve) the resemblance ceases. From here on Gowers’ 
tract, as described by Hoche, passes dorsally, and my tract 
passes ventrally. 

Hoche could not trace Gowers’ tract beyond the 
posterior corpora quadrigemina in either of his two cases, 
and he found that the tract turned upon itself and entered 
the cerebellum in such a way that in sections taken from the 
upper part of its course the tract was obtained at two 
different parts in the same section. The fibres of Gowers’ 
tract entered the cerebellum partly in the velum medullare 
anticum, partly in the anterior cerebellar peduncle. 

Below the primary lesion of the spinal cord in Hoche’s 
first case, degenerated fibres were found in Gowers’ column 
as far as within the lumbar region, but this does not prove 
that Gowers’ tract degenerates downward. 

The results obtained by Rossolimo in man are very 
different from those of Hoche! Rossolimo? believed that 


' ` Gowers’ tract terminates in the posterior corpora quadrige- 


mina, the substantia nigra and the globus pallidus. Quen- 
sel ei paper is in support of Hoche’s findings in great part. 

Figures 1, 2, 8, 4 and 5 in Bruce's* article show that the 
ventral cerebellar tract occupies a position similar to that of 


1 Hoomm “Archiv fur Psychiatrie, vol. xxviii., 1896, p. 610. 
2 Rossonmo, Neurologisches Centralblatt, 1898, p. 095. 

3? QUENSEL, Neuro ches Centralblatt, 1898, p. 482. 

i Beuoms, BRars, vol. xxi., p. 874 
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Fre. 6. 

The degenerated bundle A has become separated from the adjoining fibres 

of the pyramidal tract in O. B, fibres of middle cerebellar peduncle. Fig. 6 
represents the position of the bundle seen in fig. 1. 


d 


PA 
( 


we 


NN 
T. 


» 





122 


Fie. 7. 
The bundle A is seen in longitudinal section. Fig. 7 represents the 
position of the bundle seen in fig. 2. 
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my bundle in the medulla oblongata, but in the pons the: 
two tracts separate very widely. ) 

In speaking of the afferent ventro-lateral tract, Russell! 
says that the position of this tract in the fifth and all other 





Fra. 8. 
Fig. 8 shows the relation of the bundle A to the lower olive. 





Fie. 9. 


Fig. 9 shows the bundle A at the lower part of the motor decussation. 
Fig. 9 represents the position of the bundle seen in fig. 4. 


segments of the cervical cord on the cephalic side of the 
lesion was more or less midway between the periphery of the 
cord and gray matter of the ventral horn, the band of fibres 
between this sclerosed area and the periphery of the cord 


! Rugsmrnr, Bram, vol xxi., p. 170. 
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being absolutely intact. This statement differs from those 
of most authors. My band of fibres in the upper cervical 
region is exactly on the periphery of the cord and this would 
seem. to be a further proof that it is not a part of Gowers’ 
tract. 

Campbell, in his excellent digest on the tracts of the 
spinal cord, says Gowers’ tract degenerates in an ascending 
direction, and he makes no reference to a descending degen- 
eration of this tract. V. Bechterew thinks it is probable 
that in some cases in which a descending degeneration of 
Gowers’ tract has been observed, the degeneration was 
really in Loewenthal’s anterior marginal bundle, although 
v. Bechterew? does not entirely exclude the possibility of 
descending fibres in the fasciculus antero-lateralis. 

. There.seems to be considerable doubt as to whether 

* Gowers’ bundle does degenerate downward, and as far 
as I know no case has yet been reported in which this 
‘tract was degenerated in man as the result of a cerebral 
lesion. 

I find an interesting statement authorised by Schäfer’ 
in “Quain’s Anatomy.” It is said that in the monkey a 
few fibres of the antero-lateral column degenerate after 
lesions of the cerebral hemisphere of the opposite side. 
* They are mingled with those of the descending cerebellar 
tract and with those of the tract of Gowers, and are 
connected with cells in the Rolandie region of the cerebral 
‘cortex, as shown by the fact that they degenerate after 
lesions of that region. These fibres may perhaps be regarded 
as belonging to the system of the direct pyramidal tract, which 
in the monkey does not exist as a well-marked tract as in 
man: it has not yet been ascertained whether they occur in 
man as well as the direct pyramidal.” These fibres are said 
to degenerate after a lesion of the opposite cerebral hemi- 
sphere. 

Loewenthal described two bundles in the lateral column 


!CAwPBELD. BRAIN, vol. xx., p. 522. 

?y, BgogmTEREW. Dre Leitungsbahnen i am Gehirn und Bückenmark, second 
edition, pp. 82, 90. 

+“ Quain’s Elements of Anatomy,” vol. ii., part I., p. 25 

+ LomwzsTHan, Revue Médicale de la Sue Romande, 1886, p. 529, 


YOL. XXII. 87 


570 ORIGINAL ARTICLES AND CLINICAL CASES 


of the cord in the cat and dog; one situated in the dorsal 
segment of the lateral.column he called the intermediate 
system of the lateral column (systéme intermédiaire du 
cordon latéral); the other, situated in the ventral segment 
of the antero-lateral column he called the anterior marginal 
bundle (faisceau marginal antérieur) He did not know the 
origin or termination of these tracts. This anterior marginal 
bundle might be thought to be the same as my tract, but 
recent investigations seem to indicate that Loewenthal's 
bundle comes from the cerebellum. 

My tract could hardly be confounded with the inter- 
mediary system of Loewenthal. The major part of it does 
not occupy the mesial portion of the antero-lateral column 
in front of the lateral pyramidal tract. The literature on 
this tract is given by Campbell (o) and v. Bechterew (ci. 

The fibres in the peripheral part of the ground bundle of 
the antero-lateral column that degenerate downward, 
according to v. Bechterew, are the spinal portion of the 
posterior longitudinal bundle and the fibres from Meynert'& 
decussation that arise in the anterior corpora quadrigemina ; 
the fibres of Forel’s decussation that arise in the lateral 
portion of the thalamus and the nucleus ruber; the vorderes 
Randbiindel that arises in the cerebellum; and finally the 
olivary tract, coming from the lower olive (l.c., p. 80). 

By vorderes Randbündel, v. Bechterew means Loewen- 
thal’s faisceau marginal antérieur. From the investigations 
of Marchi, Biedl, and Basilewski (the latterin v. Bechterew's 
laboratory) v. Bechterew concludes that this tract arises in . 
the cerebellum. 

The tract described by v. Bechterew,’ Held,’ and Boyce,’ 
as arising in the anterior corpora quadrigemina, certainly 
could not be confused with my tract, and its location within 
the spinal cord is entirely different from that of the fibres. 
observed by me. The tract arising in the thalamus is also 
very different (Boyce, v. Bechterew). ` 

Risien Russell, in experimenting on dogs and monkeys, 


! y, Bucuvenew. Netrologisches Centralblatt, 1897, p. 1074. 
2 Hero. Archi f. Anatomie u. Physiologie. Anatom, Abth., 1898, p. 289 
2 Borce. Neurologisches Centralblati, 1894, p. 466. 
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cut the lateral portion of the medulla oblongata between the 
“ascending ” root of the fifth nerve and the inferior olive, 
and observed descending degeneration in the antero-lateral 
column. He regarded this tract as the same as that 
described by Boyce. This tract observed by Risien Russell 
differs somewhat from the one seen by me. I can only 
compare the cervical region in each case, as I was unable to 
trace my tract below this region and Russell did not trace 
his above, on account of the location of the primary lesion. 
The fibres in my case occupied a very small portion of the 
area represented as degenerated in Russell’s figure 2, and if 
Russell’s tract was identical with that described by Boyce, 
as Russell believed, then its origin was very different from 
the origin of my tract. None of the degenerated fibres in my 
case were situated just ventrally to the crossed pyramidal 
tract and internally to the anterior part of the direct 
ascending cerebellar tract, as Russell! described in his 
case. 

My tract cannot be confused with that geste by 
Marchi, Biedl? and Thomas,’ as arising in the cerebellum ; 
although its position may be similar, its origin distinguishes 
it at once. It cannot be confused with the tract resulting 
' from injury of Deiters' nucleus and other structures in the 
lateral’ region of the medulla oblongata (Ferrier and 
Turner,‘ Risien Russell’) for the same reason; or with the 
fibres seen by Mot? 

Risien Russell has eee ù tract situated not very 
far from the position of my bundle. The case was one of 
tumour of the cerebrum. In addition to the degenerated 
pyramidal fibres studied by the Marchi method, he found 
another and quite distinct tract of degeneration seen on the 
side of the lesion, and occupying the ventral margin of the 
medulla, just outside and opposite to the ventro-external 
angle of the inferior olive. It was a well-defined band of 


! Russert. Deum, vol Xx., p. 4 

3 BDL Neurologisches SE 1895, p. 434. 

$ Tomas, Le Cervelet. > 

* FERRER and TURNER., Phil. Trans. Royal Soc., 1894, vol. clxxxy., B. 
* RussELL. BRAIN, vol xx. 

* Morr. BRam, 1895. 
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degeneration, quite distinct and separate from.the degene- 
rated pyramid,-lying between the external arcuate fibres as 
they course round the medulla opposite the inferior olive. 
Russell! was unable to establish a connection of this tract ' 
with any of the degenerated fibres met with in the pons. A 
little lower in the medulla 'oblongate this tract was found in 
the lateral region opposite the ventral tip of the anterior 
horn. He believed that this tract was not derived Bone the 
degenerated pyramid. . 

This tract observed by Russell does not seem to ja: the 
same dg the one observed by me. Russell was unable to 
satisfy himself as to the precise point.of origin of his fibres. 
"The position of the tract was not that occupied’ by the 
degenerated fibres in my case. It was at the ‘periphery of 
the medulla oblongata and opposite the ventro-external angle 
of the inferior olive. My tract’ was also at the periphery 

. but dorso-external to the inferior olive, and at some distance 
from the place occupied by Russell’s fibres: , In the cervical 
. region Russell's tract seems to have occupied a more anterior ` 
position than mine. - 
" In Thomas’? recent review. of certairi descending tracts 
in the antero-lateral column I do not find the epee of 
any tract exactly similar to mine. 

I believe that the tract described in this paper dius 
hitherto been unrecorded. If Iam in error in this I shall ' 
cheerfully accept correction. One case may not be sufficient 
to establish the existence of an unknown tract, and should 
confirmation of my findings not be granted, I may have to ' 
: assume that the bundle of fibres seen by me was an aberrant’ 
bundle from the pyramidal tract, and not usually present in 
the central nervous system. This explanation does not seem 
probable, but I: mention it in order to be as guarded as 
possible in all statements relating to scientific matters. 

There are a few more tracts described by others that 
might be mentioned in this connection, but the resem- 
blance to my bundle is not very great; such, for example, 
88 the tract coming from, the lateral fillet observed by Perrier 


B ! RUSSELL. Bram, vol. xxi 145, 
2 Tuowas. Journal de Phystoto et de Pathologie Générale, No. 1, 1899. 
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and Turner, or v. Monakow’s? “ aberrirendes Seitenstrang- 
bündel" or Pick's bundle, which has been found by Hoche * 
to degenerate downward. à 

The existence of homolateral fibres in the crossed pyra- 
midal tract on the side of the cerebral lesion has been noted 
by a number of observers. The origin of these fibres in the 
degenerated pyramid of the same side seems to have been 
first observed in 1894 in a cat by Russellt The limited 
literature on the subject is given by him. I may add a 
reference to the paper by Dejerine and Long,’ and one to 
the paper by Redlich. In my preparations the origin of 
these homolateral fibres in the degenerated pyramid was 
distinct. 

Dejerine and Long (/.c.) in cases of hemiplegia, studied 
by the Marchi method, observed degenerated fibres that left 
the anterior pyramid, took a horizontal course, mingled with 
the external anterior arciform fibres, passed in front of the 
arcuate nucleus, and decussated in the median raphe. These 
fibres were not traced beyond the interolivary layer of the 
opposite side. Similar fibres are also described by Redlich 
(i.c.) in experimental work. 

The brain from a case of cerebral tumour was given to 
me by Dr. C. W. Burr. It was studied by the Marchi 
method. In addition to the usual degeneration of the’ pyra- 
midal tract, I found degeneration of the postero-external 
columns, of equal intensity on the two sides, and the de- 
generation of the external anterior arciform fibres, described 
by Dejerine and Long, was very distinct. I was unable to 
folow these fibres beyond the interolivary layer of the 
opposite side. 

I am indebted to Drs. C. Y. White and S. 8. Kneass, asso- 
ciates in the Pepper Li&boratory, for the photographs, and to 
Mrs. P. P. Chase for the drawings. 


! FERRIER AND TuENER. Phil. Trans, Roy. Soo., 1894, vol. olzxxv. B. 

? y, Momaxow. Arohw f. Psychiatrie, vola. xiv. and xxii. 

? Hooma. Archiv für Psyohtatria, vol. XXX., "1898. 

1 RUSSELL, Doum, vol. xxi., p. 145. 

5 DEJERINE AND Lona, Comptes rendus de la Soc. de Biologie, 1898, 
. 864. 
Fs REDLIOE. Neurologisches Ceniralblait, 1897. 
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DESCRIPTION OF FIGURES, 


Fra. 1 


The bundle A is separated as a distinct band of degenerated fibres, and is 
seen in transverse section; at a little higher level it is united with the portion 
of the pyramidal tract designated by D. Fibres of the middle cerebellar 
pedunole are seen on the extreme right of the photograph. 


Fra. 2. 


The bundle A is seen in longitudinal section, with a low-power lens. It 
begins at this level to pass posteriorly. By mistake ıt is represented on the 
right side of the pons instead of on the left. Fibres of the middle cerebellar 
peduncle are seen at the lower left corner of the photograph. 


Dro 8. 


(Same as fig. 2.) The bundle A is seen under higher magnification, and 
the degree of degeneration, as indicated by Marchi’s method, is shown. 


Fia. 4. 


The bundle A is shown under low-power at the periphery of the cord, 
extending about as far forwards as the anterior end of the anterior horn (E). 
The anterior horn is seen on the left of the photograph. The bundle A is, by 
mistake, represented on the right side of the cord instead of on the left. 


Fra. 5. 


(Same as fig. 4) The bundle A, which is somewhat indistinot in fig. 4, on 
account of the low-power lena employed, is seen in this photograph under 
higher magnification. 


Figures 6,7,8,and 9 are diagrams showing the relative position of the 
bundle A. 





NOTE ON A FORM OF DEMENTIA ASSOCIATED 
WITH A DEFINITE CHANGE IN THE 
APPEARANCE OF THE PYRAMIDAL AND 
GIANT-CELLS OF THE BRAIN. 


BY JOHN TURNER, M.B.ABER. 


I wisn to draw attention to certain cases of mental 
disease which present a definite pathological anatomy and 
of which I have not been able to find any previous 
description. 

The lesion shows itself chiefly in the nerve-cells and 
appears to be of widespread distribution, attacking the great 
majority of the pyramidal nerve-cells in all parts of the 
cerebral cortex (frontal, ascending-frontal, occipital being the 
regions examined). 

It is especially well marked in the giant nerve-cells of 
the ascending convolutions, and for this reason I have 
chosen cells from this part for my description and 
‘photographs. 

It is not & common change in insanity, as in con- 
siderably over a hundred brains of lunatics examined by 
Nissl’s method or modifications I have besides the cases 
here noted only seen one or two individual cells so 
affected. 

In the case of a man whose leg had been long amputated, 
no cells of this description were found in the opposite leg 
centre of the cortex. ' 

The lesion appears to be identical with that described by 
«Nissl and others after section of the axon of a motor nerve- 
' cell, and by Barker in the forehorn-cella in cases of 
epidemic cerebro-spinal meningitis (see British Medical 
Journal, December 26, 1897); but it is questionable how 
far this similarity extends; at any rate, with osmic acid, very 
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. definite alterations of structure are shown both in nerve- 
cell and its axis-cylinder continuation, which point to a 
probably ‘degenerating state of the neuron. Although in 
one of the seven cases there was no mention made of a 
condition of dementia, but only prolonged and profound 
melancholia, I am inclined to think that the lesion is the 
anatomical groundwork of the dementia, which is often 
rapid in its course and probably always fatal. 

Cases Nos. 1 and 2 are of interest, as with a clinical 
history resembling to a certain extent general paralysis in 
its acuter forms, the autopsy revealed naked-eye appear- 
ances quite distinct from general paralysis, neither did the 
microscopical investigation show any features in common 
with this latter disease. 

As regards the melancholia case (No. 5), it is to be noted 
that she contracted a malignant form of diphtheria affecting 
the whole of her cesophagus and to which she succumbed 
after an illness of a fortnight. 

In case No. 4 I was able from the symptoms to foresce . 
the nature of the changes in the nerve-cells. 

Certain symptoms were present in most of the cases, and 
of these the most obvious was paresis. The patient, for no 
obvious reason, occasionally fell down whilst walking, and 
ultimately there was complete inability to walk. Possibly 
the weakness of the arms was as great, but was not so 
obviously developed. 

When the notes of the cases do not mention incapability 
of walking, there is mention of involuntary jerkings of the 
limbs. The demented condition of the patient prevented any 
greater precision in testing their movements, and the same 
cause interfered largely in endeavouring to determine sensory 


. , defects. The sensibility to pricking (painful impressions), 


in the cases where any reliance could be placed on the re- 
salte. Was greatly blunted, or entirely absent, but generally 
more marked in the lower extremities. 

The pupils reacted to light and for accommodation to 
the end. The knee-jerks were exaggerated ; plantar reflexes 
absent; tongue free from tremor; articulation not generally 
interfered with. 
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The arterial tension of three cases was high (= 150 to 
210 mm. Hg.). This is interesting in view of the fact that 
a thickening of the arterioles of the cortex and minute 
cerebral hemorrhages were found in all the cases. 

Diarrhoea was very commonly noted towards the end. 

The whole case may run a fairly rapid course, varying 
from a few to eighteen months, or, after prolonged mental 
disorder (melancholia so far only noted), dementia sets in 
and death as a rule rapidly ensues. 


PaTHOLOGIOAL ANATOMY. 


A reference to the cases will show the leading naked-eye 
changes noted in the head and viscera. The brain may 
. present a fairly healthy appearance, or there may be merely 
evidence of atrophy in the frontal convolutions. In others 
the meninges are opaque and thick over the vertex, but not 
adherent, and, microscopically, this thickening is seen to be 
an increase in the connective tissue of the arachnoid, and 
quite unattended with any round-cell infiltration of the pia. 
A general feature noted microscopically in all the sections 
examined was & thickening of the arterioles and capillaries 
of the cortex. Sometimes the lumen was nearly obliterated. 
In the arterioles this thickening appears to be due to 
increase of the muscularis and adventitia ; in the capillaries, 
to & fibroid thickening. Probably, in both cases, this latter 
predominates, for when stained in picro-fuchsin, the thick- 
ened vessels stand out as prominent red rings or lines. 
Tortuosity was also noted to a very considerable extent. 
Minute hemorrhages into the cortex (microscopical) were 
seen in all the cases, sometimes five or six in one section. 
The larger vessels of the white matter often had a copious . 
collection of colloid bodies lying in their immediate neigh- 
bourhood. They showed a blue centre fading into a red 
circumference when stained with acid fuchsin and toluidin 
blue. 
There was never any appearance of spider-cells or pro- 
liferation of neuroglial fibrils. 

Nerve cells—As noted before, the change in these is 
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widespread, and appears to affect the majority of all the 
pyramidal cells, and is especially well seen in the giant-cells. 

Fresh squeezed-out portions of cortex, colouredin methylin 
blue or toluidin blue, show the change with the greatest clear- 
ness, and my experience, contrary to that of Drs. Robertson 
and Orr, is that most pathological changes are better seen 
by this method, when properly carried out, than in sections. 

The cellis probably smaller than in its normal state, 
except when distended with pigment, and often somewhat 
globular; it has generally an irregular border staining 
deeply, and which often fails to show definite chromophile 
elements. 'The whole centre of the cell consists of & pale, 
homogeneous mass, having a blurred or washed-out appear- 
ance. 

The nucleus, which is small and shrunken, stains a pale 
blue, and is situated at the periphery of the cell, or it may 
be up in its apex, or in the junction of a dendrite with the 
cell. It contains a dark, round or oval, and probably 
shrunken, nucleolus. 

Generally a large part of the cell is occupied by a highly 
refractive bright yellow pigment, and this may distend the 
cell enormously in one direction. This substance stains 
either a dark brown or jet black with osmic acid, but that 
it is’ not wholly of a fatty nature is rendered probable by the 
fact that it is still seen in the cells in sections which have 
been subjected to chloroform and xylol. Generally a fair 
number of dendrites are given off from the cell, but they 
are, as a rule, unduly thin, and stain of a pale uniform blue, 
or else show a few attenuated chromophile threads. 

The apex, at its junction with the cell-body, generally 
shows a few fine chromophile threads, but further along it 
does’ not stein at all, and is barely visible. Very often 
there is an abrupt line of demarcation separating the pale 
apex from the densely-stained cell-body border (see fig. 1). 

In sections, fixed in sublimate and stained in toluidin 
blue, the appearance of the cell-body is much the same as in 


1 This refers to cells which have been hardened in osmio acid; in the dase 
of films the pigment merely becomes slightly darker and takes on a dull 
greenish tint. K 
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films; the pigment appears of a greenish colour, owing, 
probably, to the blending of its yellow with the blue stain. 
The nucleus is almost always shrunken, and, with a dis- 
torted outline, contains only a few loose granules and a dark 
nucleolus, and is almost always eccentrically placed—often, 
indeed, bulging from the cell-body. The pale, almost colour- 
less, hyaline-looking body of the cell, which generally has a 
somewhat circular contour, gives these cells a most charac- 
teristic appearance ; the pigment is often almost imperceptibly 
blended with it at its outer part. Even with a one-twelfth 
oil immersion, it appears homogeneous. In other respects, 
the description given of the whole cells applies to those seen 
in optical section. 

Case No. 6, which was examined after fixing in osmic 
acid,’ gave very interesting results. 

The tangential fibres of the first layer were present in 
fairly large numbers, and showed a normal appearance in 
the motor region, but in the frontal regions they were prac- 
tically absent. 

‘In the motor region the great majority of the medullated 
nerve-fibres in the lower strata of the cortex and the 
adjacent white matter showed very marked changes; the 
staining, in general, was not so dark, owing to the fact of 
disappearance of some of the myelin, and that which re- 
mained was in the form of little separate black drops on 
either side of the nerve-fibre, which could be seen in its 
place more darkly stained than usual; and often in advanced 
cases of degeneration, when no myeline remained, it was 
nearly black. Fig. 4 shows a degenerated medullated 
fibre. 

In certain parts of the section médullated nerve-fibres 
were seen, which gave a normal reaction with osmic acid, ` 

! I find that & mixture of carbolic acid, 5 per cent., ogmio acid 2 per 
cent., in equal parts, gives excellent resulta; it penetrates with great rapidity, 
fixes the smallest particles of degenerated myeline or fat, and also preserves 
the nerve-cells well. The pieces are left in it for twelve to twenty-four hours, 
then placed in 10 per cent. formaline for two days, passed into alcohol for one 
or two days, and then through chloroform and into paraffin. The section is 
fixed to the slide by capillarity, and then decolourised in permanganate of 
potash, followed by sulphurous acid. These sections counterstain very well 


with Ehbrlich's acid hematoxylin, which is only allowed to act for a second 
` on the section, and then washed off, A 
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and some of these are shown in fig. 4, to contrast with the 
former figure. 


SYNOPSIS OF CASES. 


No. 1.—I. B., a female, admitted June 29, 1898, aged 46, 
married. Her father was a-drunkard and died about 60 of 
apoplexy. Her mother is stated to have had several “fits,” in 
one of which she died. Mother's sister melancholic. This is her 
first attack, of eighteen months’ duration, and stated to be due to 
menopause and alcohol; it began with depression and occasional 
violent fits. She has been addicted to alcohol for years. 

The facts certifying to her insanity were incoherent shouting 
and raving. On admission she was in feeble condition and 
weighed only 88 Ibs. Temperature normal; complexion turgid ; 
knee-jerks exaggerated ; pulse (sitting), 158. Has conjunctivitis. 
Was restless and noisy; obstinate, paying no heed to questions. 
Dirty in habits; bad appetite. '"Parotitis of right side developed 
five days after admission. "Teeth covered with sordes and mouth 
full of muco-purulent slime. Was in a delirious state, muttering, 
but occasionally replying relevantly. Her speech thick and indis- 
tinct. Plantar reflexes abolished. Was very restless, occasion- 
ally screaming, and had frequent attacks of involuntary jerking 
of the limbs. Became worse; comatose. Left pupil the larger , 
they both react slightly to light. Face covered with a greasy 
sweat; mouth open; eyes closed. On July 7 she died. Autopsy 
seventeen hours later. Body fairly nourished. Blood vessels at 
base normal. Meninges fairly clear and stript readily ; they were 
heavily waterlogged over the anterior two-thirds. Lateral ven- 
tricles dilated and filled with blood-tinted serum. Atrophy of 
eonvolutions of anterior two-thirds. Consistency of brain was 
normal, No granulations in any of the ventricles. Pons and 
cerebellum appeared normal. Small patch of consolidation in 
left lung; old adhesions of right side. The cardiac muscle was 
rather soft; valves normal. Liver congested; spleen firm; 
. kidneys slightly granular. 

Weights in grammes.—Cerebrum (stript), 988 ` meninges, 20 ; 
cerebellum, 188; stem; 27; total, 1,168. Heart, 208; liver, 
1,208; spleen, 128; right kidney, 148 ; left kidney, 165. 

The idea was present that this was an acute case of general 
paralysis, but the entire absence of any of the pathological 
appearances, -macroscopical and microscopical, showed con- 
olusively that it was not. 

No. 9.—J. W., a female, admitted October 15, 1897, widow. 
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This is her first attack, and is said to be of only ten weeks 
duration, following influenza. Has been & hard-working, sober 
woman. Aged bi. 

The facts certifying to her insanity were: irrational conversa- 
lion; at times morose, and says she is a lost woman; at others 
hilarious, laughing and singing immoderately. On admission she 
is thin, and weighs 93 lbs. Temperature normal. Dark sallow 
complexion, coarse skin. Pupils equal, and react normally to 
light and on accommodation. Knee-jerks exaggerated. Tongue 
free from tremor, furred. Slight cough. Nocturnal urine, acid, 
1016; no albumen. Is excited, spits on the floor, and answers 
rudely when remonastrated with; sings when her chest is being 
examined; replies in a flippant, careless way, '' don't know,” to 
most questions. In December it is noted that, as a rule, she is 
excited one day and quiet the next. The left pupil is slightly the 
larger; they both react well to light and on accommodation. 

March 24, 1898.—The day before yesterday she fell forwards 
on her face whilst walking round the farm; was not convulsed, 


-and did not lose consciousness. This has happened several times 


recently. Is now in bed, talking to herself. Tongue clean, pulse 
75, arterial tension — 150 mm. Hg. 

April 2.—Up yesterday, but had to be put to bed again, as she 
could not stand. Clean in habits. Pulse 78, temperature normal, 
urine free from albumen, 1010. 

April 20.—Up, walks unsteadily, and leans over to the right. ' 
Is now very lost and silly. 

April 80.—Was yesterday very excited, rushing about the 
ward and falling about. ‘To-day she keeps chattering a lot of 
nonsense in a chanting tone. Diarrhoea set in on May 16, and 
on the 26th she died. 

Autopsy (twenty-five and a half hours later).—Poorly nourished. 
Basal vessels healthy. Meninges not opaque, stript readily, rather 
thick. No marked wasting of the convolutions; brain of normal 


_ consistency. Lateral ventricles dilated. No granulations on 


them or on fourth ventricle. Both lungs bound down by old 
adhesions. Heart normal, no atheroma. Liver pale and soft. 
Spleen firm. Kidneys small, soft, pale; cortex not thin; cap- 
sules stript readily. 

Weights in grammes.—Cerebrum (stript), 1031; meninges, 20; 
cerebellum, 120; stem, 27; total, 1,198. Heart, 204; liver, 
1,040; spleen, 182; right kidney, 92; left kidney, 76. 

No. 8.—E. E. W., female, admitted November 6, 1895, 
baker's wife. First attack of eighteen years’ duration. Her 
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father died of Bright’s disease. She has a daughter insane. On 
admission she weighs 112 lbs., and is in fair health and con- 
dition. Knee-jerks exaggerated. Right pupil the larger; they 
react normally to light and on accommodation. Tongue slightly’ 
tremulous, protruded markedly to the right. Urine: specific 
gravity 1021, a faint trace of albumen. Her mental condition was 
one of delusional insanity; she imagined that some women were 
plotting against her and her husband, and conspiring to blow her 
up with dynamite. She was neat, quiet, and industrious, and gave 
no trouble, and remained thus till April, 1898, when she made an 
attempt on her life, and became acutely melancholic, restless, 
agitated, refusing food, and not able to sleep. Her bodily con- 
dition deteriorated greatly, she picked her face, looked miserably 
ill, and had to be held in bed to prevent her from jumping out 
and roaming in the ward.. 

"May 17, 1898.—Pulse 102, regular; arterial pressure = 150 
Mg. Hg. Knee-jerks exaggerated. Tongue clean. Temperature 
normal, Is very agitated and looks haggard. 

During July she suffered off and on from diarrhoea, and had 
dermatitis of face and back of hands (probably from the sun). 
Mentally more composed, 

In September she rapidly became demented, dirty in her 
habits, and very greedy. By November she was bed-ridden, and 
had lost the use of her legs, was filthy in her habits, very restless, 
and often falling about. 

December 8.—Lies on her right side, and exhibits involuntary 
jerking movements of arms and legs, and risus sardonicus. The 
attendant states that she has to be held when seated on the night 
stool, or she would jerk herself off on to the floor. She died on 
December 11. 

Autopsy (twenty-nine hours later).—Body poorly nourished ; 
rigor mortis present. Skull neither thick or dense: basal vessels 
, healthy. Meninges very thin and transparent, stript readily. 
Brain very large and pale, with no atrophy or dilatation of lateral 
ventricles. Lungs small, pale, crepitant; no pleural adhesions, ` 
' Left side-of heart slightly hypertrophied, and mitral orifice small, 
Slight calcareous deposit at base of aortic valves. No atheroma 
of aorta beyond. Liver soft and pale. Spleen small and firm. 
Kidneys small, dark purple colour; cortex tough; capsules 
slightly adherent. 

Weights in grammes.—Cerebrum (stript), 1,182; meninges, 
18; cerébellum, 139 ; stem, 30; total, 1,821. Heart, 216; liver, 
885; right kidney, 101; left, 107 ; spleen, 59. 
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No. 4.—M. E. B., female, admitted December 20, 1897, aged 

87, single. First attack ; has always been considered hysterical, 
but for the last year has been nervous, apprehensive, and could 
not be induced to leave the house. Gradually lost use of her 
legs and hands, and the latter shook so much that she could not 
hold a cup. At times would fall down. Took to her bed several 
weeks before admission, and a few days ago developed screaming 
attacks. Said to have been a sober woman. 
, On admission is il and unable to walk; slightly bedsore. 
Temperature, 99:6. Complexion coarse, skin greasy and blotchy. 
Knee-jerks absent, plantar reflexes absent, pupils equal. Has 
bronchitis. Her sensitiveness to pricking is nil in face, neck, 
chest, arms, legs, and there is no local reaction. Is very appre" 
hensive, and shrinks away when one goes near her. Keeps 
ejaculating little phrases d propos of nothing, e.g., ‘‘ Who speaks 
English ?” o Isn't Mr. Archer?” * For grief I shall read,” ** Do 
help me." Shouts occasionally. Is dirty in habits. To, most 
questions she pays no heed, but when asked her name replied, 
* Why, Brass." 

Remained in much the same state till she died on December 
24, 1897. . 

Autopsy -(three-and-a-half-hours later).—Fairly nourished. 
Skull heavy and dense; vessels healthy. Meninges congested, 
but not thick or adherent; they were clear. Some atrophy of. the 
frontal eonyolutions. Lateral ventricles not dilated. Brain of 
normal consistency. Evidence of emphysema and bronchitis. 
Heart muscles soft, apex fatty, valves fairly healthy. Liver soft 
and dark coloured. Spleen soft. Kidneys fairly healthy. 

Weights in grammes.—Cerebrum (stript), 950; meninges, 13; 
cerebellum, 143; stem, 31; total, 1,187. Heart, 289; liver, 
1,629; spleen, 152; right kidney, 145; left kidney, 170. 

: Sections of the popliteal, post-tibial, radial, and median nerves 
were examined, after fixing in osmic acid. The peripheral nerves 
showed very marked changes, some bundles being nearly devoid 
of all myelin rings (radial and post-tibial), The more central 
nerves were affected, but to a much less extent. 

No. B.—A. E. O. This woman was first admitted on June 25, 
1889, suffering from melancholia, and was discharged, recovered, 
August 21, 1889, and re-admitted May 18, 1890. Profoundly 
depressed, restless, and agitated, constantly ejaculating,‘ Oh, 
whatever shall I dol" in an agonised tone. She remained in 
this state of deep depression till her death, but up to her last 
illness she was clean in habits and capable of doing ward work, 
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and never showed any motor troubles. In February, 1898, her 
arterial tension was 210 mm. Hg. On January 24, 1899, she 
went to bed with a sore throat, which proved to be diphtheria, 
and she died February 6 following. Her temperature during 
this period was always subnormal (taken in the rectum). She 
was 69 years old. 

Autopsy (five hours after death)—She had a thick, ash-grey 
membrane lining the whole of her esophagus, but stopping at 
the cardiac orifice of the stomach; small infarct in spleen. 
Thoracic viscera fairly healthy. Kidneys granular. Liver soft 
and dark. Head: basal arteries atheromatous. Large colleo- 
tion of fluid under the meninges, which showed here and there 
small opaque patches, but were elsewhere thin and translucent, 
and not adherent. Atrophy of convolutions most marked in 
parietal regions. No marked dilatation of ventricles. 

Weights in grammes.—Cerebrum (stript), 1,084; meninges, 
15; cerebellum, 147; stem, 85; total, 1,283. Heart, 288; liver, 
1,102; spleen, 129; right kidney, 94; left, 111. 

This case is out of harmony with the others, inasmuch as she 
was not demented in the ordinary sense of the word, and did not 
exhibit any of the motor troubles seen in all the other cases; but 
it has to be taken into consideration that she was confined to bed 
for nearly a fortnight prior to death with a malignant form of 
diphtheria, and the question arises whether the poison of the 
diphtheria was the cause of the changes found in the nerve-cells, 
or whether these changes were associated with her prolonged and 
profound melancholia. 

I cannot help thinking that having regard to the unanimity 
with which motor disturbances were noted in all the other cases 
with similarly affected cells, the changes noted in her case 
were the result in part at least of the diphtheria, although in 
another case examined shortly before I was unable to discover 
any notable alteration in the nerve-cells of similar regions. 

In the case under discussion, however, the form of disease 
was asthenic with & persistent low temperature, and in the latter 
' it was rapidly fatal with a considerable pyrexia (104-6). 

No. 6.—Male, aged 36. Admitted August 17,1899. Father 
insane. First attack of recent origin. The facts certifying to his 
insanity were incoherence, violence, raving. On admission he 
weighed 138 lbs., and was in fair condition. Temperature normal. 
Knee-jerks present. Tongue furred. Pupilsequal. He was very 
restless and incoherent, and paid no heed to questions. Threw 
himself into peculiar attitudes owing to involuntary jerking of 





Fig. 1. (jy oil, No. 2 eye-piece, Beck.)—Cell with nucleus distorted and 
bulging from the side of cell body. A darkly stained cell body border. 
Some yellow pigment at right edge. A darkly stained irregular border 
separates the pale apex from the cell body. In the former are a few very 
fine short chromophile threads. 





Fie. 9. (jg oil, No. 2 eye-piece, Beck.)—In this cell the whole of the 
centre is occupied by a pale washed-out hyaline looking mass. No nucleus is 
seen, but in serial sections one is seen to be present, situated at the upper 
right hand side of cell, about where the darker area is shown in the 
photograph. A mass of rather coarsely grained pigment is seen at the lower 
left hand border of cell, 





Fic. 3. (1, No. 2, Beck.)--A degenerated myelin nerve fibre seen in 
centre of figure, others to the right. The axis-cylinder can be seen iu 
places, 








Fic, 4. (Same magnification.) —Normal myelin nerve fibres from other 
parts of same section. 
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* the limbs, and had to be put in the padded room to prevent him 
from injuring himself, as he could not stand. Refused food. 
Rapidly got weaker, but still kept restless and very resistive ; 
laughed causelessly, was dirty in habits. His temperature was 
subnormal on the two occasions it was taken. Became collapsed 
on the 21st, and died August 22, 1899. 

Autopsy (a few hours later).—Beyond acute congestion of lungs 
the thoracic and abdominal viscera appeared healthy. Head: 
skull thick, basal vessels healthy. Meninges very opaque over 
the, vertex, thick, not adherent. Excess of subarachnoidal fluid. 
Atrophy- of convolutions over vertex. Slight dilatation of lateral 
ventricles. Brain of normal consistency. Cerebellum large. The 
meninges over the superior worm were opaque and thickened. 

Weights in grammes.—Cerebrum (stript), 1,169; meninges, 
28; cerebellum, 179; stem, 36; total, 1,412. Heart, 329; liver, 
1,650; spleen, 85 ; right kidney, 111; left, 121. 

No. T—W. A, male. Admitted July 2, 1892. Aged 62. 
Father melancholic and committed suicide. This was his first 
attack. He was acutely melancholic—the picture of misery— 
and ‘gradually passed from this state into dementia. Picked his 


. hands and head. Paresis of lower limbs was noted about two 


years after admission. He was bedridden for over a year, and 
died in March, 1898, of phthisis. 

Autopsy (sixteen-and-a-half hours after death)—The lungs 
showed extensive tubercular changes. There was some atheroma 
of the aorta. Liver soft and pale. Kidneys pale and tough. 
Capsules stript well. Head: the basal vessels were athero- 
matous. The meninges were thick and opaque, but stript readily. 
Some atrophy of frontal convolutions. Lateral ventricles much 
dilated. Brain pale and firm. Cerebellum firm. 

Weights in grammes.—Cerebrum (stript), 1,084; meninges, 
24; cerebellum, 164; stem, 84; total, 1,296. Heart, 914; liver, 
1,028; spleen, 109; right kidney, 101; left; 105. 
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sumption and Ohest Diseases, Liverpool. 


Tuis note deals with the following M tracts in 
the human spinal cord. 

(1) Postero-median column. 

(9) Dorsal ascending cerebellar tract. 

3) Ventral ascending cerebellar, tract, including the 
nature-of the fibres in the ventral lip. 

. (4) The intra-spinal portion of the fourth posterior 
cervical root. 

The observations were made in two cases which were 
examined sufficiently early to allow the Marchi method of 
staining to be used. Such cases are comparatively rare, 
and more observations are necessary before the ` course 
of these tracts can be said to be thoroughly known. We 
are indebted to Sir William Banks and Mr. Rushton 
Parker, for permission to record this note. 

: Tn, the autumn number of Bnarw, 1898; Bruce gave a 

careful and full account of similar observations in which 
also the Marchi method was available With much of the 
description of this author we are in agreement, but some 
` interesting points not shown in his figures will be described 
in this paper. A contribution on the same subject has 
recently been apis by Risien Russell.’ 
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The first case was one of caries of the spine, in which 
` microscopical examination showed that at the level of the 
lesion in the mid-thoracic. region, the cord was completely 
disintegrated. 

The other case was a severe crush, the cord being 
entirely destroyed at the level of the tenth dorsal segment, 
with extensive consequent myelitis. There was also severe 
damage to the fourth posterior cervical root on the left side. 

The tissues after hardening in Müllers fluid were 
stained by the Marchi method and sections cut after 
paraffin embedding. 

_ (L) Postero-median column.—The postero-median column, 
including the septo-marginal tract of Bruce and Muir was 
completely degenerated as high as the funiculus gracilis. 
It ended entirely in this nucleus. In the lowest cervical 


Antenor Fibres of V. C. Tr. 





Fig. 4. 
Spinal cord S the fifth cervical segment. 


region “the degeneration extended ae a up to the 
posterior commissure and spread along it as far as the 
margin of the posterior horn, thus embracing the cornu- 
‘commissural zone of Marie (fig. 1). 
At the level of the fourth cervical foot this appearance 
was much less marked (fig. 2), and just. below the decussa- 
tion (fig. 3) the area had assuméd a distinct wedge shape, 
this feature being in accordance with Singer’s law. 
(IL) Dorsal cerebellar tract.—The course of this tract 
in the spinal cord is well seen in figs. 1, 2, 8. In this 
situation it has the position usually described. Sections in 


588 ORIGINAL ARTICLES AND OLINIOAL CASES 





4th O. rt. 


Fie. 25 
Spinal cord at the fourth cervical segment. 
the lower: cervical regions show that it is closely applied to 
the. posterior horn, spreading inwards along its outer border 
for a considerable distance. In the lower medullary region 






XV. O, Tr, and D. O. Tr.’ 


Ascending portion of 4th O, rt. 


Ze 


Fic. 8. ? 7 
_ Spinal cord at the lower limit of the pyramidal decussation, 
(figs. 4 and 5) it forms, together with the ventral cerebellar 
tract a well defined wedgé-shaped area just anterior to the ‘ 
substantia gelatinosa of the fifth nerve. ; 





D. O, Tr, and V. O. Tr. 


) A | | | 
Anterior Fibres of Vi O. Tr. 


! i Fia. 4. 
Medulla below: the olivary body. 
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In our sections a distinct peripheral band of degenerated 
fibres is seen to connect this’ area with the degenerated 
fibres of the funiculus gracilis. We have not seen such 


4 


4th Q. rt. 


D. O. Tr. 





Fra. 5. 
Medull& at the lower limit of the inferlor olivary body. 


. condition described elsewhere, and are in doubt whether 
to consider all these: degenorated fibres as SE of the dorsal 
` cerebellar tract. 

In fig. 6 the tract occupies the central Sch of the corpus 
restiforme in & position described by other authors, and in 
fig. 7 it is seen passing into the cerebellum. We ‘regret 
that we have been unable to trace its further destination. 


^ YQ Tr, 





Fra. 6. 
Medulla at the middle of the olives. 


(IL) Ventral cerebellar tract.— The position of this 
tract in the spinal cord is shown in figs. 1, 2,3. The main 
portion of the fibres form a ‘wedge-shaped area opposite 
to the lateral part of the anterior horn, extending close up - 
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to the periphery. This H situation differs from 
that given by Risien Russell,? but is in agreement with 
the description of other authors. A marked feature in our 
sections is the presence of a considerable number of de- 
generated fibres occupying the periphery of the most 
anterior part of the white matter, and dipping down along 
the anterior fissure. 

Degenerated fibres in a similar position have been noted 
by Sherrington® in the monkey after complete transection 
of the cord. f , 

This condition in the human cord does not appear to have 
been noted by other. writers. Tracing these fibres upwards 
it is seen that the formation of the pyramids pushes them 





. Fre. 7.. 
Pons at the exit of the fifth nerve, ' 


‘backwards. At this level (fig. 4) the greater part of the 
fibres pass inwards and become dispersed in the white 
-matter between the posterior border of the pyramid and 
the lateral nucleus of the medulla. Our sections do not 
. give positive evidence whether these fibres terminate in the 
lateral nucleus or not, but such & condition appears probable. 

In fig. 6 the main part of the ventral cerebellar tract 
is seen just external to the inferior olive. In fig. 7 itis 
placed more deeply, just ventral to the outgoing fifth nerve. 
In fig. 8 it is seen curving round the superior peduncle of 


d 1 Journ. of Physiology, vol. xiv., 4 and 6. 
3 Loe, cit. 
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the cerebellum, and entering the superior medullary velum 
in an identical: position to that described by Bruce. A few 
degenerated fibres. were found at a slightly higher level, 
but the material at our disposal unfortunately did not allow 
of our determining whether these passed to the inferior 
‘corpora quadrigemina, ` 





Fie. 8. 
Pons at its upper limit. 


(IV.) Spinal portion of the fourth posterior cervical root. 
—In one of the preceding cases this root was considerably 
damaged, and by means of the Marchi method its course 
could be accurately traced. 

(a) Descending portion—This is found to occupy an 
elongated zone in the middle of the postero-external column. 
It is well marked in the middle of the fifth segment, and 
scattered fibres can be traced as far as the lower part of 
the sixth segment. Throughout their descending course 
these fibres give off collaterals to the posterior horn. 

(b) Ascending portion.—EFig. 2, which is at the level of 
the injured root, shows the entrance of degenerated fibres ` 
into the postero-external column, and the rich distribution 
of the reflex collaterals of Kölliker, which appear to be. 
chiefly directed towards the postero-lateral group of cells. 
Other evidence tends to show that this group of cells 
receives special innervation from the posterior afferent root 


‘fibres. The collaterals are confined to the same side as 


the root lesion, and although more numerous in the fourth 


, segment, are found in the segment above, and also, as 


previously stated, in the fifth segment. ` 
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Fig. 2 further shows a marked degeneration in the 
anterior commissure. The fibres can be traced from the ` 
anterior horn on the side of the lesion to the white matter 
between the fissure and anterior horn of the opposite side- 

This decussating ‘system of degenerated fibres was. 
limited, to the region of the injured root. In sections: 
higher up it was not possible to distinguish between these . 
fibres and those previously noted, which are in relation to ' 
the ventral cerebellar tract. Under the name of “ crossed. 
afferent tract”? Edinger describes in this position & system 
of fibres, whose origin is from the posterior roots, ascend- 
ing to terminate in the corpora, quadrigemina ‘or optic 

thalamus. Observers (Mott and Langley) who have noted 
— this tract in experimental cases are divided in their opinion 
as to whether the fibres take origin in the posterior roots or 
in the most dorsal segment of the posterior cornu. 

In our case there was no indication that the posterior 
cornu was: injured, and hence this observation tends to 
confirm Edinger’s view. 

Sections (fig. 2) at the site of the injured nerve also 
showed distinct degeneration in some fibres passing from the 
anterior horn, which were limited to the side of the lesion: 
These fibres were too numerous to be neglected, but it did 
not appear that they were continuous with those entering ` 
the posterior. horn. We are therefore unable to give & 
definite opinion as to their precise meaning. i 

The ascending portion of the fourth root in the third 
and higher segments occupies (fig. 8) an elongated area in 
the median part of the postero-externel column, extending 
ventrally as a narrow strip to the base of the posterior horn, 
: while dorsally the area widens and curves outwards towards 


, . the posterior root zone. In figs. 4 and 5 the fibres are seen 


collected around the external cuneate nucleus in which they 
end. 
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A STATISTICAL INQUIRY INTO THE PREVA- 
LENCE OF EPILEPSY AND ITS. RELATION 
TO or DISEASES. 
x JAMES W. RUSSELL, M.A., M.D. (CANTAB.), M.R.C.P. 
|, Assistant Physician to the Bermingham General Hospital. ` 


Tax following paper is based on an inquiry into the 
occurrence of epilepsy or epileptiform convulsions in the 
family or personal history of 5,000 patients, who at the 


' time of the -inquiry were complaining of other than 
epileptic disease. . From the results so obtained I have 


endeavoured to ascertain what, for want of a better term, 


‘may be called the. average accidental incidence of epilepsy 


in family and personal history, and thus establish a standard 
from which the part, if any, played by'epilepsy in the pre- 
disposition to other diseases may be decided. 

The term ‘accidental’ must not be accepted too literally. 
There are certain diseases, such as insanity, chorea, and 
some, chronic nervous diseases, with the liability to which 
an epileptic inheritance or the occurrence of past personal 
epileptic fits-has an established relation. In these cases, 
therefore, the patients will give a personal or family history 


of epilepsy in numbers altogether in excess of those met. . 


with in the case of such disorders, for example, as the 
specific fevers or diseases of the skin, with which epilepsy 
has apparently no relation at all. Nevertheless, a certain 
small proportion of the latter patients will give an épileptic 
history, owing to the fact that epileptics and those inheriting 
a family tendency to epilepsy are at least as liable to con- 
tract such disorders as other more healthy individuals, 
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and it is to express this fact that I have used the term 
accidental. Yet I do not intend to assert that the relation- 
ship between epilepsy and these disorders is necessarily of 
an entirely accidental character, for it is always possible 
that the epileptic taint may be one of a long series of links 
in the chain of causation. Indeed, my figures give some. 
gupport to this idea. 

Besides perhaps throwing some additional light on the 
natural history of epilepsy, there are certain disputed 
points which can only be decided by such an inquiry. 
For example, it is still a moot point whether phthisis and 
epilepsy have any special relationship with one another. 
Sir William Gowers obtained a phthisical family history 
in 89 per cent. of 200 epileptic patients, but came tothe ` 
conclusion that the frequency of this association might 
probably be accounted for by the wide-spread diffusion of 
phthisis; whilst! Dr. F. Roberts, who at his request 
investigated the matter from the other point of’ view, 
found that an epileptic family history was only forth- 
coming in 2°5 per cent. of his phthisical- cases, a per- 
centage which he thinks is not above the average. But 
these figures are inconclusive owing to the lack of any 
standard with which they can be compared, and which l 
gives the incidence of phthisis and epilepsy in other cases 
of disease. A knowledge of the average occurrence of ` 
epilepsy, which it is the object of this paper to ‘establish, 
will, of course, determine only one side of these and similar 
questions; but I have endeavoured to obtain some statistics 
as to the prevalence of phthisis also, and thus to decide 
the relationship of. that disease to epilepsy from ES 
points of view. 


l Method of the Inquiry. 


The 5,000 esses on which the epileptic statistics are 
based were obtained entirely from my own out-patients. 
They therefore all belong to the same class of society, | 
and are practically consecutive. Each patient on his 
first attendance was asked .as to the existence of “fits” 


H H 


INQUIRY INTO THE PREVALENOE OF EPILEPSY 595 


in his family or personal history, and the case with its 
result entered under the corresponding diagnosis. It is of 
course true that in the hurry of a crowded out-patient 
department diagnosis is often of a somewhat rough descrip- 
tion. Nevertheless, I have taken the greatest possible care 
to obtain accuracy, and have freely revised the diagnoses 
as occasion has demanded. Moreover, whenever the diag- 
nosis has seemed to be doubtful, I have excluded the case 
from any of the definite groups and bave placed it in a 
separate list reserved for cases of a doubtful nature. I 
therefore venture to believe that no very serious error has 
crept into the results from this source. 

The inquiry for the occurrence of “ fita" has necessarily 
elicited a history of hysterical as well as epileptic convul- 
sions. My table therefore includes both varieties. It is 
often, however, & most difficult matter to distinguish 
between epileptic and hysterical fits from the account of 
an uneducated person, and in no less than 20 per cent. 
of all the fits of which a history has been given, I have 
been entirely unable to decide to which category they should 
belong. In these cases, therefore, the fits have been placed 
in a separate group under the heading “Doubtful.” In the 
remaining 80 per cent., in which I have arrived at a con- 
clusion one way or the other, I believe that I have had good 
grounds for my decision. 

The points on which I have relied in attempting to 
distinguish between the two sets of convulsions are those 
usually accepted. Thus, I have taken as fairly conclusive 
of epilepsy, tongue-biting, passage of urine or motions in 

' the fits, and occurrence of serious bodily mischief, such as 
bad burns or scalds, and really bad falls, &c., though I am, 


of course, aware that such accidents are not absolutely . - 


conclusive against hysteria. Detention in a lunatic asylum 
has also as a rule been taken as ‘evidence that the fits were 
of an epileptic character. Again, in not a few cases my 
` informant has given me so good an imitation of the move- 
ments of an epileptic fit as to convince me of its nature. 
On the other hand, screaming, fighting and struggling, 
talking, crying, and banging the head, have been accepted, 


* 
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with other points, as evidence of hystero-epilepsy. Leading 
questions have in all cases been as far as possible avoided. 

In some cases there has seemed to be a fairly clear 
history of the occurrence at different times of both varieties 
of fits. This is only in accordance with the well-known 
tendency of the two conditions to occur in association with 
one another. l 

Whatever pains be taken, however, in the examination 


of the point, some mistakes in interpretation will probably - 


occur. In order to minimise the difficulty as far as possible, 


I have given in the two final columns of the table, first, He 


total number of personal fits of all sorts (epileptic, hysterical 
and doubtful added together), and secondly, the sum total 
of all the fit histories, family as well as personal, hysterical 
and doubtful as well as epileptic. In these columns, at any 
rate, there is no room for fallacy. 

No notice has been taken of any fits occurring in the 
descendants of the patients, owing to the possibility of the 
inheritance arising from the other parent. Moreover, no 
fits occurring in individuals under three years of age have 
been registered, nor any for which the action of a poison 
‘or source of irritation might have been responsible. The 
personal fits of patients suffering from Bright's disease, 
lead poisoning, worms, &c., have therefore been omitted, 
unless they occurred at a period previous to the exposure 
to the poison or irritation. 

Finally, it must be remembered that the figures un- 
doubtedly understate the incidence of both varieties of fits, 
owing to the very imperfect knowledge of family history 
prevalent amongst the working classes. Both epileptic and 
hysterical inheritance must therefore be more frequent than 
. 18 shown by my figures. 


Arrangement of Statistics. 


H 


The cases are arranged under twenty-one different 


diagnoses, one additional group being added under the. 


heading “ Various." The latter contains all the disorders 
the representatives of which have not amounted to seventy- 
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five in all, this being taken as the smallest number which 
would justify separate analysis. Another group originally 
contained cases of doubiful diagnosis, but this has now 
been added to the ‘‘ Various " cases. 

Some of the groups need a brief explanation :— 

Anemia.—This group is made up entirely of young 
women, mostly from 15 to 25 years of age. All special 
forms of anemia, with the exception, of chlorosis, have 
been placed in the “ Various ” group. 

Brights disease.—'The different varieties of Bright’s 
disease have all been classed together, seemg that their 
separate analysis has given closely similar results. 

Dyspepsia.—The dyspeptic group contains undoubtedly 
a very miscellaneous set of cases. I have, however, 
endeavoured to simplify it by separating the male from the 
female cases, holding that the latter constitute a far more 
neurotic group. It is still the case that very various forms 
of stomach upset are included under the same heading, 
but it would be somewhat hazardous to attempt much sub- 
division. 

Debility.—The patients here consist largely of the 
over-worked and underfed men and women who are met 
with constantly in hospital practice in large manufacturing 
towns. They were suffering from no ailment which would 
place them in any of the other groups. 

Headache.—No patient has been included in this class 
in whose case a definite cause could be assigned for the 
complaint. The cases are those of so-called functional 
headache. _ i 

Nil.—In this group have been placed those patients 
with whom a carefal examination has convinced me that 
there has been little or nothing the matter. d 

Bhewmatoid arthritis.—Under this head & few cases of 
chronic “ rheumatism ” other than rheumatoid arthritis have 
probably been included. 

Various.—As already explained, this class contains the 
diseases the representatives of which have not amounted 
to seventy-five in number, and also cases of doubtful 
diagnosis: 
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Results Arrived at. 
The table of results is as follows :— 
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Ansmia iu Se oo | 481) 44|09| 51 d'a 8 12-6761 1146 
Bright's Disease — .. ..| 186| @2)/1°5) 8 (07/8 12:248 8:8 
Acute Bronchitis .. | 187] 4&4|44| 73|07|48,2:3| 58] 1970 
Ohronio ,, ..» .]8u| s8|298| 4710 |05,24|88| 75 
Chorea ..ji 146) 17-8 | 6-2 | 21-2 | 1°41 6:2) 21) 7-5 | 95:8 
Dyspepsia fale) 180| 15/0 | 15/0 |46 23|08| 84 
» emale) | D 875| 51 194 67,2:4(69.1:0) 4. |188 
Dabihty Ss ..| 188] 66/11) 56/06] 89) 2-8) 28)11-7 
Fevers Ze 114| 8:540 $:5|09!/8:5|0:9| 1:8j| 79 
Headache .. 181; 10°7/3°1118 | 1:6) 3-8) 4:6) 7761 20:6 
Heart (Valvular) . 169) 47]41] 8&8|0 |41)0-6] 5-8) 18 
T nscular) TT) 52/13] 68/18/260 | 26] 78: 
yalgia t D 128! 7:3/0 7:810:81 4:9012:41 12:81 19:8 
Neuritis ` s T5 67/0 67]0 |2/7]9/7| [:8]10'7 
Neuroses Ms «| 821) 5:9|1:9| T52:8|7T-:211:9|6 |158 
Chronic Nervous Diseases 111| 9 | 4°) 11-7) 0-9) 2711-8) 5-4) 14-4 
Nile. 186) 98-91]0 2910 j07/|07/0 EN? 
Phthisis and Chr. Pneum. ` 276) 6:2|4:8| 1011,07 | 8:8|077 | 477 | 18:8 
Acute and Subacute Rheu- ; 
matism. .. Ge -» | 182) 46128] 61/2:8| 4619-3) 68] 1231 
Rheumatoid Arthritis ne 87| 8 |11|8 |O |O | 2°83! 8:4] 10°8 
Skin Diseases 174| 84/06) 4 |1-1/4-619-3)-2-8) 10:8 
Tonsillitis, Pharyngitis and i i; 
Stomatitis 127) 47|1:6| 47/16/89/08/ 8-1] 79 
Various, oe m ..1|11988| 4:2) 1:1) 52/0:8/8:9 13] 283110 - 
Total (Average) 5000| 5-2] 1:8] ee ii 42 |19|56|119 








Note,—In order to save multiplication of columns, Family History 
: includes patient's own generation as well as preceding generations, 


The chief point of interest of the average thus obtained ` 
lies in the frequency with which it shows that fits of one 
sort or another occur amongst the: working classes. Thus, 
no less than 11°9 per cent. of my out-patients, excluding 
those attending directly for epilepsy or hystero-epilepsy, 
gave me a family or personal history of fits, whilst 3:6 per 
cent. had suffered from fits themselves at some period of 
their lives ; 52 per cent. gave a family history of epilepsy, 
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and 1:8 per cent. had themselves had epileptiform convul- 
sions. It has already been noted that the figures understate 
the case as far as family history is concerned. g 

The average is inaccurate, however, if it be taken to 
represent the extent to which personal and family histories 
of epilepsy and hystero-epilepsy are to be found amongst 
persons who are suffering from complaints with which these 
disorders have no recognised relation; for the cases on 
which the epileptic average is based include both chorea 
and the chronic nervous diseases, and the hystero-epileptic 
average is similarly invalidated by the inclusion of anæmia, 
the neuroses, and the female cases of dyspepsia, with all of 
which hysteria may be accepted as possessing a definite 
relation. Headache, again, has an easily understood relation 
to both epilepsy and hystero-epilepsy ; whilst finally it is 
known that epileptiform convulsions are not uncommon 
complications of valvular heart disease. Hence, the first 
step towards obtaining the true “accidental” incidence of 
epilepsy and -hystero-epilepsy must be to subtract all the 
above-mentioned conditions, and to take the average of those 
remaining. The average now stands as follows, the items 
being arranged in the same order as that adopted in the 


table :— 
3306 44 15 56 07 82 18 28 10 


I do not, however, think that even this represents 
accurately the average at which I wish to arrive. On 
studying the table certain diseases are seen to stand out, 
as regards the incidence of epilepsy distinctly above the 
corresponding figures in the last obtained average. These 
diseases are phthisis and chronic pneumonia, and acute 


bronchitis, as regards epileptic personal history, and acute ` , 


and subacute rheumatism as regards the total number of 
personal fits of all sorts. To these I should also add 
rheumatoid arthritis as regards epileptic family inheritance, 
were it not that there is a complete absence here of any 
record of hysterical fits, and that the total fit incidence is 
scarcely above the average. These facts suggest that a 
larger number of cases would probably level the average 


' be arrived at. 
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by the inclusion of cases of hystero-epilepsy. The group 
of myalgias also claims removal on the ground that it 
exceeds the average as regards both family epileptic in- 
heritance and the total fit incidence; but, although the 
connection of these cases with rheumatism might possibly 
justify me in dealing with them in the same way as the 
above mentioned diseases, the group is perhaps somewhat 
ill-defined, and is, therefore, better retained. 

At the risk of appearing to assume the points under 
discussion, I yet think that the cases of phthisis, chronic 
pneumonia, acute bronchitis, and acute and subacute rheu- 
matism must be withdrawn in order to arrive at the final 
accidental incidence of epilepsy ; for, if my ‘figures be correct, 
‘they afford some evidence that these conditions stand to 
it in some special relation. In other words, they are now 
under suspicion. If they have no such special relation, 
their removal should not affect the results; and if, on the 
other hand, they do stand in some special relation, their 
retention in the table clearly vitiates the average. The 
final “accidental average" therefore now stands as follows :— 
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These figures give, I think, the “accidental” incidence 


of epileptic and hysterical convulsions as nearly as it can 


Provisional Inferences. l 


On comparing this average with the figures in 'the table, 
the following points are to be noted :— 

Anemia.—The epileptic 1ncidence is almost ionian 
with the average, but the persónal and total incidence 
of hysterical convulsions show a considerable increase— 
namely, 2'8 and 8 against 0°7 and 3'1 per cent. respectively. 
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deute bronchitis-—The personal epileptic fits stand at 
44 instead of 1 per cent. The percentage of personal 
fits, all sorts included, is 5'8 as compared with the average 
of 2:3. 

Chronic bronchitis. Ta contra-distinction to the total 
fit incidence of the cases of acute bronchitis (18:9 per cent.), 
the total liability is here below the average (7'5 instead of 
9:5 per cent.). It is however to be remarked that even here 
the average of personal epileptic fits is nearly three times 

‘the normal (28 as compared with 1), whilst the total per- 
sonal fits stands at 3°3 instead of 2°3 per cent. 

Chorea gives the largest epileptic incidence, and shows 
80me increase also in hysterical relationship. The total 
incidence is 25:3 instead of the average 9'6 per cent. 

Headache gives the next largest percentage of fit incidence 
of all classes. The family epileptic percentage is 10°7 com- 
pared with the normal 4°3; the personal epileptic incidence 
is 3'1 instead of 1 per cent. Taking fits of all sorts together, 
„the personal percentage is 7'6 compared with 2.3, and the 
total 20°6 instead of 9:5. 

Heart (valvular.)—The figures here obtained support the 
view that patients suffering from cardiac valvular disease 
are more subject to the occurrence of eleptiform fits than 

. other people. Thus, personal epileptic fits were noted in 
4'7 per cent. of the patients, as compared with the average 
of l per cent.; and in 2'4 per cent. there was good reason 
for thinking that the fits had occurred after the onset of the 
endocarditis. In 1'2 per cent, however, this was certainly 
not the case; whilst in the remaining 1'2 per cent. there is 
no evidence on the point one way or the other. 

Neuritis.—The only point to be noticed in this group. is 
& moderate increase in the epileptic family inheritance. 

Neuroses show an increase in the total personal fits 
(5 per cent. instead of 2:8), whilst the percentage of fits 
of all sorts combined is 15:3 instead of 9'5. The increase is 
here chiefly on the hysterical side, though there is also some 
excess of epileptic inheritance. 

Phithisis and chronic pneumonia give a moderate increase 
in epileptic family history (chiefly, however, in the patient's 
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own generation), and a marked increase in the number of 
personal epileptic fits (4'3 instead of 1 per cent). Taking 
the personal fits of all sorts and the total combined fits, the 
numbers are 4:7 and 19:8 as compared with the normal of 
2°3 and 9'6 respectively. 

Acute and subacute rheumatism.—There is again a 
~ marked increase in the total number of personal fits, those ' 
due to epilepsy and hysteria being now equal in number. 
But I have unfortunately omitted to note the condition of 
the heart in many of these cases, and the part played by 
this factor is therefore uncertain. The relation of rheu- 

matism thus needs further investigation. 

Chronic nervous diseases.—It is unfortunately useless to 
split this group up into the separate diseases of which it is 
composed, for the number of cases in each category is too 
small for individual analysis. There is, as would be ex- 
pected, a great increase in both family and personal epileptic 
incidence. 

Speaking provisionally—for some of the suggestions 
need the support of a larger series of cases—the foregoing 
points give some ground for thinking that the various 
disorders may be arranged in an ascending scale according 
to the degree to which the family and personal histories of 
the patients are tainted with epilepsy. 

(1) It is to be noted that the group (“Nil”) which 
includes the individuals nearest to a normal state of health, 
gives a far lower fit incidence than that of any of the other 
groups. This incidence amounts to but 4'4 per cent. for 
fits of all classes, no personal fits of any sort being regis- 
tered. There appears, therefore, to be some reason for 
believing that an inquiry into the history of a perfectly 

. . healthy set of persons would give a uniform average of fit 
incidence much lower than that to which the name 
accidental has hitherto been applied. The ‘accidental 
average” must therefore be considered as applying to the 
sick members of the working population only. 

(2) More than 50 per cent. of the more definitely ailing 
patients give a fairly uniform average of epileptic incidence 
—that, namely, established in my final average. 
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(8) A group including acute (? also chronic) bronchitis, 
phthisis, chronic pneumonia, valvular heart disease, and 
acute and subacute rheumatism, shows a striking increase 
in the number of patients who have themselves suffered 
from epileptiform convulsions. 

(4) Finally, the most marked epileptic incidence is to be 
' found in the cases of chorea, functional headache, and 
chronic nervous disease, in all of which the relationship 
reaches a high degree. 


Cases of Lung Disease. 


One of the chief points of interest in the above conclu- 
sions lies in the apparently large number of patients affected 
with phthisis, chronic pneumonia, and acute bronchitis, who 
` have suffered from epileptiform convulsions. I therefore 
give & few further details concerning these cases. 

_A possible source of fallacy as regards the phthisical 
cases lies in the fact that they are practically exposed to an 
age limit, whereas the cases with which they are compared 
include patients of all ages. Thus, in the phthisical cases 
there are but very few patients below the age of 15, and it 
is clear that in order to bring the accidental average into 
strict comparison with the phthisical average, all patients 
under this age should also be omitted. This correction, how- 
ever, only brings the accidental average of personal epileptic 
fits up to 1'1 instead of 1 per cent., whilst the percentage 
of total personal fits of all sorts is changed from 2:8 to 2°5 
only. The removal of this fallacy therefore, does not mate- 
rially affect the result. In the cases of bronchitis no such 
correction is needed.. 

Again, I have looked carefully into the history of the 


individual fits in the phthisical and bronchitic patients, in . - 


order to see how they compare from the point of view of 
permanancy with the personal fits of which a history has 
been obtained in the whole series of 5,000 cases. The 
result is as follows :— 

Personal epileptic fits occurring amongst the 4,597 
patients who were not suffering from either phthisis or 
bronchitis :— 
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Confirmed Epilepsy D Recent only. Former and Temporary, 


61 per cent. 19'7 per cent. 13:1 per cent. 


Personal epileptic fits occurring amongst the 187 cases 
of acute bronchitis :— 


Oase or Ene: Recent only. Former and Temporary. 
83°2 per cent. ^ 16:6 per cent. 0 


Personal epileptic fits occurriág amongst the 265 cases of 
phthisis, &c. :— : 


Confirmed Epiepsy, 
Past or Present. 


69:3 per cent. 15:4 per cent. 15'4 per cent. 


Recent only. Former and Temporary. 


It is therefore clear that the proportion of cases of 
confirmed epilepsy is materially above the average in the 
bronchitic cases, and slightly above it in the cases of 
phthisis. 

The cases are as-yet too few for any certain conclusions 
to be drawn, but the inference is strongly suggested that 
those patients whose nervous constitution is a weak one— 
as shown by the inheritance of an epileptic tendency, and 
especially by the occurrence of epileptic fits in the patients 
themselves—are directly predisposed to the development of 
serious lung mischief. The point needs, however, to be 
supported by a larger number of cases. 


Inheritance of Phthisis by Epileptic Patients. 


The establishment of the average inheritance of phthisis 
by hospital patients is an extremely difficult matter, owing 
to the looseness with which the term consuniption is used 


- . to and by the working classes. The following table, based 


upon an inguiry into this point in the case of 2,966 patients, 
must therefore be taken with considerable reserve, as 
representing but little more than the mere statements of 
the patients as to the existence in their families of a 
history of phthisis. In all cases supporting evidence, such 
as hemoptysis, has been asked for, but in a large minority 
it has been necessary to take the statements without cor- 
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` roboration. The arrangement of the table is the same as 
before :— ` 
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Anemia .. 29-8 | Heart (Musoular) ..| 46 | 1T4 
` Bright's Disease . 94 | Hystero- Epilepsy oa 17 | 46:5 
Acute Bronchitis - 254 | Myalga .. . n^ 68 | 147 
Ohronic Bronchitis | 118 196 | Neuritig .. D D 48 | 14:6 
Ohorea  .. «| 78 269 | Neuroses ' Ss .. | 165 | 151 
Dyspepsia (Male) 85 47 | Nil ae de Së 94 | 21:8 
Dyspepsia AS 218 161 | Chronic Nervous Dis.. 57 | i4 
Debiy .. 97 186. | Phithisis . 149 | 81°6 
Epuepsy .. . | 114 27:1 | Acute & Subac. “Rheum. 75 | 16 
Fevers... oe} 57 26°3 | Rheumatoid Arthritis.. 50 | 20 
Headache . 66 10 Skin Diseases .. .. | 118 | 178 
Heart (Y alvular).. 96 174 | Tonsilitis, &c. .. p 76 | 19:8 
Various .. t ..] 680 | 17 
Total `.. .. 92,900  ..  18'1 per cent. 
, Total (excluding Phibisis) 2,817 Gë 17-4 per cent. 


‘According to this table, it would appear that epileptic 
_ patients give a large inheritance of phthisis (27:1 per cent.). 
But the great irregularity of the results deprive this 
fact of much of its value. Thus, the specific fevers give 
a scarcely smaller inheritance—namely, 26:3 per cent., 
though the small number of cases may perhaps to some 
extent explain the difficulty. As far as it goes, however, . 
the table supports the view that an inheritance of phthisis 
predisposes to the occurrence of epilepsy. It may be added 
that a similar belief—namely, the connection between 
chorea and tuberdulosis—receives support from this table, 
^ The general conclusion thus seems to be in favour of 
the view that epilepsy and phthisis have some connection 
with one another from both points of view. This con- 
clusion, a8 far as epileptic incidence in the histories of 
phthisical patients is concerned, is not in accordance with 
that arrived at by Dr. F. Roberts, and quoted at the 
beginning of my paper; for although this observer did not 
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inquire,into the occurrence of epileptiform convulsions in 
the personal histories of his patients, he found an epileptic 
family inheritance in only 2°5 per cent., as compared with 
the percentage of 6:2 obtained amongst my own phthisical 
patients. I cannot explain the discrepancy, but it appears 
to me possible that the explanation may to some extent lie 
in the different conditions of life obtaining in London 
and in & large manufacturing town such as Birmingham, 
and perhaps in some difference in the class of society Hom 
which the patients are drawn in the two cages. 


A CASE OF ACUTE MENINGO-MYELITIS. 


BY E. F. TREVELYAN, M.D. 


Assistant Physician to the Leeds General Infirmary ; eee of Pathology, 
Yorkshire College (Vict. Univ.), Li 


Summary :—Man, aged 87, exposed to severe cold on March 
22. Great pain in the back from March 24 to April 11. Retention 
of urine on April 11, and rapid loss of power in the legs two days 
later. Complete flaccid paraplegia with sensory paralysis and 
loss of knee-jerks. Unexpected death from cardiac failure on the 
eighteenth day of the disease. Suppurative external meningitis 
in the dorsal region. Intense and mostly patchy myelitis from 
D3 to L3. Pus in the muscles of the back. A small localised 
empyema. No vertebral disease. 


The following are short notes of the case. 

A previously strong and healthy man, aged 37, was paving in 
Leeds on March 22, 1898—a snowy and bitterly cold day. On 
March 24 there was severe pain in the back, intermitting and 
stabbing. The pain was worse when he straightened himself 
after stooping. He gave up his work on April 9 for Haster. 
During the holiday he walked about, but often had the pain in his 
back. There was no pain or tingling in the legs. On April 11 he 
was unable to pass his urine. A little urine dribbled away on the 
12th. The distension of the bladder caused him much pain. The 
bowels were very constipated. On April 18 the patient was 
catheterised and the catheter was used on five occasions before 
his admission into the Leeds General Infirmary on the 15th. On. 
the evening of the 18th he got out of bed and quite suddenly lost 
the use of his legs and fell to the ground. Sensation was said to 
have been lost at the same time. During the night feces were 
passed unconsciously into the bed. I saw the patient on the 14th 
with Dr. Spong, of Leeds, and he was admitted into the Infirmary 
on the following day. There was a history of syphilis fifteen 
years previously—a chancre, but no secondary symptoms ` treat- 
ment was continued for thirteen weeks. 
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On admission.—The lower extremities were helpless and he 
could only alter the position of the trunk with difficulty, chiefly 
owing to the pain in the back. There was retention of urine and 
the stools were passed unconsciously. Pain was complained of 
round the chest about six inches above the umbilicus, The pain 
was not continuous, but of a tearing character and most intense 
in the epigastric angle. Above this level there was a zone of 
hypermsthesia, and below it loss of sensation. The legs were 
completely paralysed so that not even the toes could be moved. 
The muscles were fairly well nourished but flabby. They were not 
tender. The superficial and deep reflexes were absent. Sensation 
was almost completely lost; the patient could not feel the prick of 
a pin or tickling the soles, but he could just feel a sharp rub 
against the leg. Sensation to heat and cold was quite abolished. 
There were no trophic disturbances. The arms were unaffected. 
There was no undue prominence of the spine. There was much 
tenderness over the lower dorsal vertebrm, and pain was com- 
plained of when a deep breath was taken. The patient also 
complained of inability to cough up the expectoration which now 
and again accumulated. The examination of the chest as far as 
it was possible to make it gave negative results. The urine, 
specific gravity 1029, acid, contained’ mucus but no albumen. 
April 91.—The patient's condition is unchanged. The urine 
remains strongly acid. April 26.—-Condition much as before. 
He sometimes feels a tingling in the legs, especially the right. 
The anesthesia begins just below the distribution of the sixth 
intercostal nerve. The temperature rises in the evening. The 
patient was in much the same state until the early mornihg of the 
98th, when he was seized with cardiac failure and died on the 
eighteenth day of the acute myelitis and the thirty-sixth day of 
the disease. 


Post MORTEM. 


The brain weighed 494 ozs., and no evidence of disease 
was found init. The meninges were healthy. 

Spinal cord.—1n the middle and lower parts of thé dorsal 
region there was dirty looking pus on the outer aspect of 
the dura mater. The pia mater appeared healthy. Parts of 
the cord were obviously softened. Only one incision was 
made into it, and that through the lower dorsal region, 
where there was some bulging. The cord was almost 
diffluent here. The muscles of the back were infiltrated 
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with pus, especially on the left side. A very small 
empyemal cavity containing offensive pus was found close 
to the vertebral column on the right side. The lungs 
were otherwise healthy. The bladder was large and its 
walls thin, but the mucous membrane healthy. There 
was no evidence of cystitis. The kidneys were large, 
somewhat engorged with blood, but otherwise healthy. 
There was no pus in the ureter or pelvis of the kidney. 
The heart, including the valves, was healthy. The spleen 
was'a little enlarged. The liver was also slightly enlarged, 
and adhesions were found between it and the diaphragm. 
These organs were otherwise healthy. Cultures were pre- 
pared from the pus outside the dura mater, and also 
from a softened patch in the cord. The same micro- 
‘organism (a large diplococcus) was obtained from both 
these lesions. The bacteriological examination was unfor- 
tinately not carried further, as the micro-organism died in 
a few days. 

The whole cord was hardened in formol-Muller, and was 
divided into its segments. Portions from each segment 
from D3 to L 4 inclusive were embedded in paraffin, the 
other parts of the cord being sufficiently firm to cut without 
embedding. Later each segment was again divided into 
pieces measuring about 2 mm., and the situations of the 
lesions as then seen were carefully noted. 

The naked eye appearances of the cut sections of the 
hardened cord will first be described, as the lesions stood out 
very prominently. The results thus obtained were carefully 
compared with thé changes observed in microscopical pre- 
.parations from all parts of the cord. It is, of course, not 
assumed that.the lesions visible to the naked eye corre- 
sponded exactly to the morbid change as seen under the. 
microscope; but there was a very general agreement between 
the two. The disease was certainly of the disseminated and 
patchy type in nearly all parts of the diseased cord, and 
healthy nervous tissue was found between the patches. 
Sometimes these patches were very sharply defined from the 
healthy tissue as in D4, but at other times the one faded 
more gradually into the other. 


\ 
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In its longitudinal distribution the disease was traced , 


from D3 as low down as L3. The most intense disease 
was found in the lower part of D5 and upper part of D6, 
and again throughout D7 and in the upper part of DÓ. 


Here no distinct structure could be recognised by the naked 


eye, and an advanced disorganisation of the cord was made 
out by the microscope. Above D3 there was an ascending 
degeneration, but no descending lesion could be ascertained 
in that part of the cord below L 8. 

_ In its transverse distribution the disease was distinctly 
patchy, except where marked disorganisation was present. 
These patches were more numerous in the upper part of 
D 6, where in some places as many as nine patches could be 
counted in the cross section of the cord. In D £ and 3 the 
disease was represented by a single, well-defined focus at the 


junction of the right anterior and posterior horns. Towards ` 


the lower limit of the lesion in the lumbar cord the patches 
were almost exclusively confined to the posterior columns or 
immediately adjacent parts. These patches were, generally 
speaking, much more abundant in the periphery .of the cord 
than in the central parts, that is, they were placed in the 
peripheral circulation. At the upper limit of the lesion thé 
patches were more centrally placed. 

No distinct naked eye lesion could be made out in the 
hardened medulla oblongata, pons, cerebellum or cerebrum. 

As regards the microscopical appearances, it must, of 
course, be borne in mind that the case terminated on the 
eighteenth day. The most marked changes were certainly 
centred in the parenchymatous elements. 

There has been a great destruction of ganglion cells 
throughout the diseased portions of the cord; in fact, 
. very few healthy ones are to be seen. Even in the lower 
lumbar segments they are considerably involved. Here 
the cells have lost their processes—have become rounded 
and translucent-looking, and the nucleus and nucleolus 
have disappeared. Neither vacuolation or pigmentation 
is seen. The nerve-fibres, including the axis-cylinders, 
are greatly altered in the diseased parts. Sometimes the 
axis-cylinder is so swollen that only a thin layer of 
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altered myelin surrounds it. At other times the breaking 
up of the myelin sheath is very obvious. In some places 
the nerve-fibres have largely perished, leaving hardly any- 
thing more than the glia network. The alteration in the 


D4 





DS DIO "' 





Ascending degeneration in the dorsal and oervical regions. A single 
small focus of disease in D. 8. D. 7 disorganised. L. 4 healthy. 


interstitial tissue, including the blood-vessels, is of much 
interest, considering the undoubtedly infective origin of the 
disease. Vascular engorgement was not very marked in this ' 
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case. The vessels were, however, here ‘and there crowded 
with blood-cells, and ‘appeared then to be more numerous 
than usual (D6). Very few hemorrhages were visible ; 
a large one was found in D 10 in the grey matter. No very 
distinct changes were to be made out in the vessel wall, and 
none in the perivascular sheath. Hardly any perivascular 
or other more general infiltration was seen. Thus the 
' changes in the vessels and perivascular tissues are slight. 

The changes in the connective tissue, including the 
neuroglia, were also not marked. 

The bands of connective tissue passing into the cord from 
the periphery are more distinct than usual, and distended 
blood-vessels may at times be seen in them. There was 
very little overgrowth of the neuroglia, and in only a few 
places were spider-cells present in any abundance. Granules 
were only seen here and there. Large cells with small 
nuclei, staining by Weigert and other similar methods, were , 
seldom found. Only a.few corpora amylacea were present. 

It would certainly appear that the stress of the disease, 
in this case, had fallen on the parenchymatous elements of 
the cord. If the pathological changes found were due to an 
infection or intoxication, then the vessels. by which the 
disease-producing agent arrived should show changes in or 
about their walls ; but such changes were only slight in this 
case. Nor was the lesion limited to any vascular territory, 
such as would suggest the deleterious action of some poison 
brought to it by the blood. Although, as mentioned above, 

“the patches were often more abundant in the region of the 
peripheral blood supply to the cord, they were by no means 
limited to it. 

The bacteriological examination made in this case was 
far too incomplete to allow of any conclusions being based - 
‘upon it. Neither the pus of the empyema nor that in the 
muscles of the back was examined bacteriologically, but the 
resemblance in the naked-eye appearances of the pus in 
these two situations was considerable. 

It is somewhat difficult to explain the exact relationship 
between the various lesions found after death, viz., the acute 
myehtis, external meningitis (without vertebral disease), the 
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small empyema, and the diffuse suppuration in the muscles 
of the back; but the infective character of these lesions 
cannot be gainsaid. It is thus difficult to say whether the 
suppuration outside the vertebral column was primary and 
the suppurative meningitis secondary, or whether, on the 
other hand, the suppurative meningitis was primary and the 
adjacent suppurations secondary. In the allusion to this 
subject in his well-known text-book, Dr. Gowers recognises 
the greater probability of the second relationship. 

The case illustrates how the disseminated and trans- 
verse form of acute myelitis pass into one another. In some 
parts of the cord there was a total transverse lesion, whereas 
in other parts the patchy character of the disease was obvious 
enough. 

Finally the symptoms noted during life corresponded 
very fairly well to the lesions found after death. The 
intense pain in the back must be largely, if not entirely, 
attributed to the external meningitis. That all functions 
dependent on the lumbar and lower dorsal cord were in 
abeyance is not to be wondered at, considering the intensity 
and amount of the disease present. The lesion in the cord 
extended rather higher than the symptoms indicated, but 
this was no doubt due to the fading off of the disease in & 
gradual manner from below upwards. Perhaps the unex- 
pected and rapid death was due to minute lesions present 
in the medulla oblongata and pons. Thus in the region of 
the nucleus of the tenth nerve very small hemorrhages 
were present, but this part of the examination was not as ` 
complete as it might have been. Under the circumstances 
it was almost impossible to recognise the small empyema 
and the suppuration in the back muscles during life, no 
. doubt chiefly because they were not expected. 


* 


FRIEDREICH'S ATAXIA WITH KNEE-JERK SAND 
ANKLE CLONUS. 


BY HOWARD GLADSTONE, M.D., O.M.EDIN, 
E Late House Physwian to the Bradford Royal Infi mary 


Ix February, 1898, Arthur R., a lad of 17, was admitted to 
the Bradford Royal Infirmary from the out-patient room, suffering 
Írom spinal curvature and difficulty in walking. After examina- 
tion he was found to present all the characters of a case of 
Friedreich's ataxia. The family history being investigated it was 
found that his eldest brother, Wiliam, was suffering from 
deformity of the spine, and was unable to stand. He was 
written to, and a few days later came into hospital with his 
brother, where they were both under observation for two months, 
under the care of Dr James Kerr, who has kindly állowed me 
to 1ecord their cases " 

It is the elder brother's condition which is referred to in the 
title, for it was found that, while presenting most of the classical 
features of the disease in a pronounced way, there was ankle 
clonus on the left side and retention of knee-jerks. 

Ankle clonus has not been noted as a sign in any case of 
Friedreich’s ataxia so far recorded, and naturally excites suspicion 
as to the correctness of the diagnosis. But his brother’s case 
will be recognised as typical, and bis own in other respects as 
strikingly characteristic of Friedreich’s disease. 

(1) William R., stocking-knitter, aged 24 years, the elder, 
patient, was admitted February 23, 1899. 

History Symptoms began at 16 years of age, with alteration 
in the shape of his feet, the instep became high and he could not 
lace up his boots. At this time he was beginning to grow rapidly. 
A year later he was taken to the Infirmary, on account of spinal 
curvature, for which plaster-of-Paris jackets were applied; the 
deformity nevertheless continued to progress until he ceased 
growing. His work was trying, for he was obliged to stand all 
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day long in the mill. From 17 years of age he experienced 
occasionally short stabbing pains in the shin bones. It was not 
until 18 years of age that he noticed anything wrong with his 
legs, but then walking became difficult. The difficulty slowly 
increased, so that fifteen months ago he had tó stay at home; he 
gradually Jost. be power of standing, and for six months has 
been unable to do more than crawl about. In addition to the 
pains in the legs, he had, a year ago, partial loss of sensibility 
in both thighs; but after two months this was fully restored. 
No bladder or rectal troubles have occurred. His speech has 
not been so distinct for the last two years, according to his 
brother. ZE l 

Family History.—He is the eldest in a family of six. James, 
John and Margaret, aged respectively 21, 20 and 19 years, are 
all healthy. Arthur, 17 years old, is the one who has the same 
disease, and his case is described later. Mary, the youngest, is 
15 years old, and may be another case, for her brother writes 
that at times she is not steady on her legs. She did not, however, 
come under our observation. The father, a sergeant, had served 
nine years in India, but had no disease; he died from acute 
pneumonia at the age of 54. The mother, 54, is healthy. 
Grandparents shewed no nervous disease; on the father’s side, 
grandfather is alive, aged 86; grandmother died at 47 of a 
* weakened heart." On the mother's side, grandfather died at 
54, of ‘chills and dropsy”; grandmother died at 72. In no 
branch of the family is there any history of nervous disease. 

Hzamination.—Patient has a peculiar physiognomy (figs. 1 
and 2). The face is long and narrow, the figure deformed. 

Deformities—There is advanced spmal curvature, of the 
kypho-scoliotie variety, with the convexity to the right in the 
dorsal region (fig. 8). The feet show the peculiar deformity 
characteristic of Hriedreich’s ataxia (fig. 4). The plantar arch 
1s greatly exaggerated, so that the condition resembles talipes 
equinus; but there is no contraction of the tendo Achilles or 
drawing up of the heel; it is a drooping of the front part of the 
‘foot, that is, an excessive flexion at the tarso-metatarsal joint. 
The arching is partly reduced by the weight of the body in 
standing, but mostly permanent, and due to contraction of the 
plantar ligaments; he wears ordinary boots, left unlaced over 
the instep, and his toes enter but a little way into the toe of the 
boot. The great toes are strung back hyper-extended ; there is 
also a slight varus tendency in the feet; all these changes are 
more marked in the left foot. The hands present a slight degree 





Fig. 2. 
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of the 'tmain en griffe," the ring and little fingers being some- 
what clawed (fig. 2). The metacarpus also appears too broad 
-for the fingers. 

« Coordination. He is quite unable to assume or maintain the 
erect posture; he can get out of bed, cling to the side, and, reach- 
ing hold of neighbouring objects, guide himself about the room ; 
he lifts his feet as if they were sticking to the ground at each 
step, and hobbles along. On attempting to stand alone, swaying 
movement of the body occurs, which would end in his falling 
backwards, if unsupported; this does not seem more marked 
when his eyes are shut; while sitting up in bed he is not 
steady. He is unable to thread a needle or perform other 
accurate movements of the hands, showing that ataxia is also 
present in the upper limbs. 

Voluntary power appears to be normal in the arms, but is 
decidedly reduced in the legs, especially in flexion at the hip 
joint. The limbs are thin, but the muscles nowhere show any 
localised atrophy. 

Heflezes.—Plantar reflexes are greatly exaggerated; knee- 
jerks could not at first be got when he lay in bed; but when 
sitting on the edge of the bed, with someone behind to lean 
against, they could be elicited on both sides; they were found to 
be somewhat of the spastic type, the whole of the limb going 
into a short spasm on tapping the tendon, and were more active 
on the left side. 

Ankle clonus was obtained on the left side; three or four dis 
tinet contractions could always be produced. This point was 
confirmed by Dr. Kerr, and was constant whenever tested for ; 
it is of great interest, as being a very unusual symptom, as also is 
retention of the knee-jerks, in Friedreich’s ataxia. 

Vaso-molor disturbance was evinced by the coldness of the 
extremities and the lividity of the hands. 

Slight nystagmus oceurred on wide lateral excursion of the 
eyes. 

‘Speech was found to be characteristically affected, having a 


hesitating and peculiar careful plodding character, hastened at’ 


times, at the sacrifice of the end of a word. 

Intelligence was above the average, and mentally he was very 
collected. 

The following conditions were ascertained to be normal, viz. :— 
The pupils in size and reaction ; the fundi; the perimetric tracings 
of the fields of vision; special senses; sensibility to touch, pain, 
and temperature everywhere; muscular sense; electrical reactions 
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of muscles, the bladder and rectal functions. The other systems 
of the body were healthy. 

Progress.— Under observation he improved a little, so that he 
could stand against the bed and take his coat off, and he could 
thread a needle. Plantar reflexes became normal instead of exag- 
gerated: Pain was experienced several times in the shin of the 
right leg. Symptoms of thyroidism came on after nine days’ 
treatment with tabloids ` nux vomica was then given, and for the 
last three weeks he went through Roth's spinal exercises. 

After leaving the Infirmary he remained in the same condition 
till November, 1898, when he says he had a severe attack of 
influenza, and has been quite helpless, having to be carried 
about and suffering great pain in the back and between the 
shoulders, that when he tries to stand he feels as if a very 
heavy weight were pressing on his feet. His handwriting is 
irregular, but has not changed much. His general health is 
fairly good. 

(2) The second case is that of the youngest brother, Arthur 
E., aged 17, who came first under observation. He had come on 
account of a girdle sensation, following a wrestle with another 
lad ten days before. 

History.—He had not Pasa well for some years before this, ` 
for, when fourteen years old and growing fast, his back began to 
get curved, and has grown more so ever since. Two years later 
unsteadiness in the legs was first apparent, and has since then 
progressed; walking getting more and more uncertain. He has 
had no bladder or rectal troubles. The girdle sensation came on 
directly after a wrench to his back, from being thrown to the 
ground. It is situated about the ninth dorsal root zone, and 
goes away when he lies down. 

On examination patient is not so tall as his brother, whom he 
does not resemble in peculiarity of features (fig. 1). 

Deformity.—He has spinal curvature of the same kypho-scoliotic 
variety, but much less advanced ; the convexity in his case is to 
the left in the dorsal region. The feet are long and narrow, but 

~ not deformed. In the right hand the little finger is somewhat 
clawed, and in both the metacarpus seems unduly broad. 

Coordination.—T here is an air of general unsteadiness about 
him, especially when agitated from self-consciousness ` choreiform 
movements are also manifested, such as shrugging the shoulders, 
knitting and raising the eyebrows, and moving the scalp in an 
uneasy manner, 

He has difficulty in maintaining the erect posture, but can 
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balance himself after swaying to and fro, and apparently as well 
with his eyes shut as open. 

^. In walking he lurches along, tacking from side to side to steady 
himself by catching hold of the furniture. The trunk is fairly 
steady when he sits up in bed. The head, however, is never 
still, owing to ataxia of the muscles of the neck; i$ appears to 
wander from its natural position, and has to be jerked back at 
times to be righted ; thera is marked hypertrophy of the sterno- 
cleido-mastoid muscles. The tongue cannot be held out steadily 
for any time. He 1s unable to thread a needle, the ataxia 
affecting also the arms. 

Voluntary power is normal in the arms, but reduced in the 
legs; the limbs are spare, but the muscles firm, and show no 
localised atrophy. 

Refiexes.—Plantar reflexes are extraordinarily active; a mere 
touch eaused the leg to be thrown up off the bed and tickles him 
very much ; especially active on the left side. Knee-jerks quite 
absent; ankle clonus absent; abdominal and epigastric reflexes 
brisk. 

Slight nystagmus was produced on-wide lateral movement of 
the eyes. 

Speech is affected somewhat, being uncertain and wavering, 
though less laboured than his brother's. 

Inteligence is above the average, and patient is of a nervous 
temperament. 

Pupils were usually dilated, but reacted normally to light and 
accommodation. No hypermsthetie zone corresponding to the 
girdle feeling could be found; nor any rigidity or tenderness of 
the spine. 

The following points were found to be normal, viz. :—The 
fundi; perimetric tracing of fields of vision; special senses; 
sensibility to touch, pain, and temperature everywhere ; muscular 
sense in judging weight; electrical reaction of muscles and the 
bladder and rectal functions. 

The other systems of the body were unaffected. 

Progress.—Under observation there was no great change, 
except that he learned to walk a little more steadily on the 
polished floors and to thread a needle. The state of the reflexes 
remained unchanged after full doses of nux vomica; latterly he 
performed Roth's exercises for spinal curvature. Nine months 
after he left he is reported to be about the same, except that his 
back is rather straighter. He occasionally experiences the girdle 
sensation. 
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: REMARKS. 


We thus see that, in the elder brother, the deformities of ` 
the back and feet, together with the ataxia, affection of 
speech, and nystagmus, presented a most characteristic 
picture, but the peculiarity was in the increase of myotatic 
irritability in the legs. While the younger had choreiform 
movements, ataxia, loss of knee-jerks, &c., but the skeletal 
deformities less marked: In both cases the left leg was 
more affected than the right. There were no ocular symp- 
toms. The slight disturbances of sensation, viz., pains in 
. the legs, transient anesthesia in the thighs, and girdle 
sensation, may be noted, and, lastly, the fact that the ataxia 
did not appear until two years after the spinal curvature in 
both cases. 

In the Dublin Journal of Medical Science, May, 1895, 
Mr. J. M. Nolan records “Three cases of Friedreich’s 
Disease, associated with genetous Idiocy.” In one of these 
there was ankle clonus and exaggerated knee-jerks ; in the 
other two knee-jerks and ankle clonus were absent. I have 
seen a case similar to these myself, in a child six years old, 
mentally deficient from birth, who had marked ataxia, being 
hardly able to stand and had loss of knee-jerks; the pupil 
‘reactions were normal. A brother of this child had died a 
few years before, and was reported to have been idiotic and 
never able to walk. 

Such cases as these may be allied to Friedreich’s disease, 
but that term, I hold, belongs as yet to a definite body of 
symptoms and signs, as depicted by Friedreich, and found 
since to be strikingly constant. 

But in these cases some of these classical features were 
absent, uncharacteristic symptoms, such as enlargement of 
the thyroid, were present, the mental condition was the 
reverse of what usually occurs, and the disease was congenital 
instead of appearing first in childhood or adolescence. 

Still, they show, as do those I have detaled, that 
` occasionally the lesion may be so distributed, as, in one 
case, to produce increase, and, in anather, destruction of 
myotatic irritability among members of one family otherwise 
similarly affected. 


ON CERTAIN RELATIONS OF THE CEREBRUM 
AND CEREBELLUM (ON RIGIDITY OF HEMI- 
PLEGIA AND ON PARALYSIS AGITANS). 


BY J. HUGELINGS JACKSON, M.D., F.R.S. 


As the subject of the relations of the cerebellum and the 
cerebrum to the spinal motor centres, and by them to the 
muscles, is—in consequence of Dr. Charlton Bastian’s im- 
portant researches on the effects of total transverse lesions 
of the supra-lumbar cord—now receiving considerable atten- 
tion, I have asked permission of the Editor of BRAIN to 
republish in its pages two articles I wrote a little more than 
twenty years (1877 and 1878) ago, one on “ Rigidity in 
Hemiplegia,” and one on “ Paralysis Agitans" (Parkinson's 
Disease). 


REMARKS ON RIGIDITY! or HEMIPLEGIA. 
(The Medical Examiner, April 5, 1877.) 


With reference to several cases of hemiplegia, Dr. Hughlings 
Jackson expressed the opinion that the rigidity in hemiplegia is 
not owing to the cerebral lesion nor to the lateral sclerosis. 
There is evidently a duplex symptomatic condition, negative and 
positive; with loss of power over the muscles there is tonic action 
of them. Whilst the primary cerebral lesion can account for the 
paralytic element—the negative condition—it cannot (nor can the 
sclerosis in the lateral column) account for the tonic condition o£. 
the muscles, the positive element. Negative states of the nervous 
centres cannot cause positive states of muscles, they may permit 
them. His speculation is that the rigidity is owing to unantago- 
nised influence of the cerebellum. He believes that in health the 


11899. In some cases of hemiplegia there is a kind of pseudo-rigidity; I 
mean a rigidity from joint disease (“looking of the joints”), with no or very 
little muscular rigidity. I think this pseudo-rigidity occurs far oftener with 
left than with mght hemiplegia. 
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whole of the muscles of the body are doubly innervated—inner- 
vated both by the cerebrum and cerebellum; there being a co- 
operation of antagonism betwixt the two great centres. Whilst 
the cerebrum innervates the muscles in the order of their action 
from the most voluntary movements (limbs) to the most auto- 
matic (trunk), the cerebellum innervates them in the opposite 
order. This also is supposed to be the order of their degree of 
influence on parts; and is equivalent to saying that the cerebellum 
is the centre for continuous movements and the cerebrum for 
changing: movements. Borrowing medical terms to describe 
normal physiological conditions, the former are tonic the latter 
clonic. The muscles which on the above suggestions, are chiefly 
innervated by the cerebellum, are those which have the fewest 
different, the most tonic, the most * confluent” movements; the 
reverse for those which the cerebrum chiefly innervates. Thus, 
in walking, the cerebellum preserves the equilibrium of the body, 
tends to “stiffen” all the muscles; the changing movements of 
walking are the result of cerebral discharges overcoming in a par- 
ticular and orderly way the otherwise continuous cerebellar influ- 
ence. This is what is meant by a “ co-operation of antagonism.” 
The cerebrum does most ' work," the cerebellum does little (if 
any) * work"; from continuous action of muscles balancing one 
another there is dissipation of energy (heat); from cerebral action 
there are molar movements (work). 

When, however, the influence of the cerebrum is permanently 
taken off by disease of the cerebrum, as in hemiplegia, from 
the parts which it most specially governs [arm and leg], the 
cerebellar influence is no longer antagonised; there is unimpeded 
cerebellar influx and hence rigidity of the muscles which in 
health the cerebrum chiefly innervates, The principle, he thinks, 
accounts for the duplex, negative and positive, conditions in the 
contractures of hemiplegic children, in the athetosis of Hammond, 
and accounts for the rigidity and “ propulsive ” walk in paralysis 
agitans; temporary removal of cerebral influx also for tetany and 
sertain hysterical attacks, and also for some post-epileptic con- 
ditions of movements. Physiological experiments were adduced 
in favour of the doctrine that two impulses arriving at a centre 
interfere with one another; the opposite effects of ligature in 
epileptiform seizures and in tetany were spoken of. 

The above hypothesis is, Dr. Hughlings Jackson considers, 
only an application on a large scale of Thompson Dickson’s! 


1 1899. The “ Principle of Loss of Control" was, I believe, first stated by 
Bernard and afterwards hy Anstie, and then by Thompson Dickson, 
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Principle of Loss of Control, a principle applicable to all nervous 
centres, as is, Dr. Jackson thinks, the physiological Principle of 
Antagonism. In healthy operations the two principles are dis- 
played; did not centres ‘‘ resist’ one another there could be no 
independence of operations; differentiation would be practically 
anulled. On the other hand, 1f some centres could not overcome 
the resistance of others—discharge them by their discharges— 
there would be no association of operations, differentiation would 
be useless ; and if there were not some order of “resistances” and 
of *' dischargeabilities ” there would be no orderly co-operation, 


On Cerppeat PARESIS OR PARALYSIS, WITH ÜEREBELLAE 
. TBEMOR OR Riarprry. 


(The Medical Examiner, March 28, 1898.) 


In the Examiner, April b, 1877, are reported some remarks 
by me on the interpretation of the rigidity in hemiplegia. I then 
suggested that the condition is duplex, that there is a negative 
condition, ‘cerebral paralysis," due to the destructive lesion in 
the corpus striatum, and a positive condition “cerebellar rigi- 
dity," due to increased cerebellar influx. The hypothesis starts 
with the assumption that the apinal centres receive impulses from 
both the cerebrum and cerebellum, which impulses in health 
interfere with one another (inhibit one another). If so, we should 
not say that the cerebral lesion, nor the wasting in certain spinal 
tracts consecutive upon it, causes rigidity ; negative lesions can 
only cause negative conditions in muscles; in this case the 
paralysis. But on the hypothesis the cerebral lesion, in other 
words, loss of cerebral influence on the spinal centres, may permit 
the rigidity, for then the cerebellar influence is no longer inter- 
fered with, and, metaphorically speaking, ‘flows into the parts 
deserted by the cerebral influence.” Hence it is batter to say 
‘‘unantagonised cerebellar influx” than “ increased cerebellar 
influx." The cerebellum is healthy, or if over-active in effect, it 


11899. I have been supposed to hold that thera is disease of the cere- 


bellum in cases of paralysis agitans. On the contrary, as will be seen later iv . 


the text, my hypothesia implies that in this malady there is integrity of the 
cerebellum ; the tremor and rigidity of paralysis agang are, I suppose, the 
outcome of activities of perfectly healthy structures, cerebellum and anterior 
horns. 

I do not believe that any continuous and posiiwe persisting symptoms— 
positive symptoms so continuous and perswteni as the tremor and rigidity of 
paralysis agitans—are ever the direct result of disease—of disease in the 
proper sense of pathological process. I think that, lke those of paralysis 
agitans, they are always the indirect result of disease, and that they are 
directly the result of aotivity or of over-activity of healthy structures, that 
they are problems in the domain of physiology, not of pathology. 
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is not so because its cells have become morbidly over-unstable, 
but because there is less or no resistance to overcome, or, as we 
say, less or no cerebral influence to antagonise. 

Mutatis mutandis, the same explanation applies to rigidity of 
the spinal and other muscles in cases of destroying lesions of the 
middle lobe of the cerebellum ` there is then “ cerebellar paralysis ” 
and '' cerebral rigidity.” 

I wish now to show how the hypothesis applies to the inter- 
pretation of several symptoms of paralysis agitans. 

The regional distribution of this motor affection points unmis- 
takably to the cerebrum (whether of the motor tract or cerebrum 
proper is not said) as the seat of the morbid anatomy. It is 
essentially hemiplegic, although very commonly it becomes two- 
sided. I believe that we have here, too, a minus cerebral and & 
plus cerebellar condition. It is sometimes asserted that there is 
no paralysis in what is called paralysis agitans; but some of those 
who sáy so add that the movements are slow, and slowness of 
grasp is as much evidence of paralysis as weak grasp is. To 
ignore the element of rapidity in estimating the ** momentum " of 
a mobile part would be like ignoring the velocity of a cannon-ball 
in estimating its momentum. It is certain that we have tremor 
and rigidity. S 

On the supposition that the cerebral influence is diminished, 
we may explain the tremor—negative clonic cerebral spasm (most 
of the spasm in ordinary epileptiform seizures being positive 
clonic cerebral spasm). On the supposition that the cerebral 
influence is taken away altogether, we may explain the rigidity. 
Tremor, at least rhythmical tremor, is a minor degree of tonic 
spasm. If, experimentally, shocks at comparatively long inter- 
vals are sent into a muscle, there is a sequence of contractions, 
the analogue of tremor; but if they be sent in at exceedingly 
short intervals, there is tetanio contraction, the analogue of 
rigidity. Thus the tremor of paralysis agitans differs from the 
rigidity of hemiplegia, not fundamentally, but in degree; in the 
former the cerebral influx is diminished ; in the latter it is taken 
- "off altogether. And as the disease progresses, or, as the hypo- 
thesis has it, when the cerebral influx ceases entirely, then 
rigidity of the parts does ensue, which in tremor were approach- 
ing rigidity. i 

(1) In health the cerebellar influx is fully antagonised; in (2) 
the early stages of paralysis agitans it is intermittently antago- 
nised—the movement constituting each single tremor occurring 


! In a few cases there is no tremor, or scarcely any ; there is rigidity only: 
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betwixt the cerebral impulses ; in (3) late stages it is not antago- 
nised at all, and there is such a stream of cerebellar impulses 
that rigidity occurs. We have cerebral paresis with cerebellar 
tremor; later, cerebral paralysis with cerebellar rigidity. 

So much for the parts which the cerebrum chiefly innervates 
in health, and which it slowly “ abandons,” ang which, in conse- 
quence, the cerebellar influx gradually “ invades.” 

In paralysis agitans there is “loss of expression ” of the face, 
but this so-called “loss” of expression of the face is one fixed 
(starched) expression. An unvarying expression, however caused, 
is in effect a loss of expression. The hypothesis is that there is 
some facial paralysis rr caused" by the cerebral disease, and some 
facial rigidity, owing to ‘‘ permitted cerebellar influx.” 

On the hypothesis (see Examiner, April 5, 1877) the spinal 
muscles are those which the cerebrum influences least and the 
cerebellum most; thus there is rigidity without prior tremor. 
This is manifested by the well-known attitude, and indirectly by 
the propulsive gait. The rigid state called “attitude” of the 
body, face, and limbs is more characteristic of the disease than 
the tremor, in spite of the name ‘‘ paralysis agitans.” 

This is a mere outline) It may be remarked that the general 
attitude often seen in cases of paralysis agitans (face, arms, and 
legs) 18 like that seen in cases of rapid locomotion ` it is at least 
a good caricature of the position, supposing locomotion to be 
suddenly arrested, and parts of the body remaining fixed. In 
running, the body is bent forward, the arms are flexed, &c., and 
the facial muscles come into vigorous action? 

As before said (op. cit.) the hypothesis is applied to cases of 
athetosis, and to the mixed condition of paralysis with twisting 
movements in persons hemiplegic from early life. 

For all morbid over-mobile conditions of one side I have sug- 
gested the name hemikinesis, although I have been supposed to 
use it only for the athetosis of Hammond. But we have two 
different sub-classes ` the hemikinesis due to cerebral discharges 
(unilateral chorea, and unilateral epileptiform seizures), and the 
hemikinesis owing negatively to cerebral destroying lesions with * 
(positively) permitted cerebellar influx. 


1 With the assistance of my clinical clerk, Mr. Whitford, I tried, a few 
days ago, the effects of ligature on & patient, the subject of paralysis agitans, 
the tremor being on both sides. At first trials we obtained arrest of the tremor 
of the arms, even when the ligature was applied round one calf, but at the 
second séance we got no such results. The plan is worthy of trial in slighter 


8. 
+1899. The attitude in an advanced case of paralysis agitans is some- 
thing like that of a feeble old man when he 1s going upstairs. 


" 
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RuwaARnxs, 1899. 


I have written on this subject several times since 1878. 
(Med. Times and Gazette, February 12, 1881; BRAIN, 
January, 1888, p. 312 et seq.; Brit. Med. Journal, March ^ 
5, 1892; Lancet, December 12, 1896, and January 8, 1898.) 
In these papers I have acknowledged all the difficulties 
I knew of. 

To the hypothesis propounded in the two papers repro- 
duced from the Medical Examiner, it was objected that the 
"fact" that upon complete transverse lesion of the cord 
&bove the lumbar enlargement (whereby both cerebral and 
cerebellar influences are cut off from motor centres below 
that transverse lesion) the knee-jerks are exalted and that 
the legs are, or soon become, rigid—that these super-positive 
conditions exist when the cerebellum is altogether excluded— 
disprove the hypotbesis. 

I was so impressed by this “fact,” as I then took it to 
be, that! I went a long way towards abandoning the doctrine 
of cerebellar influx, if not all the way. I then wrote: “I 
admit . . . that since after section of the cord right across, 
destroying communication with both cerebrum and cere- 
bellum, there is increased reflex activity of the parts below, 
we cannot suppose that’ unantagonised cerebellar influx is 
essential for the conditions mentioned. [ make this admission 
in consequence of some verbal criticisms by Ferrier.” 

Since I wrote that, Dr. Charlton Bastian (Quain's “ Dic- 
tionary of Medicine," p. 1480 (1882), “ Paralyses, Cerebral, 
Bulbar and Spinal," 1886, and also ‘On the Symptomatology 
of Total Transverse Lesions of the Cord,” Med. Chir. Trans., 
1890), has done far more important work on the matter than 
.l have. He has shown that upon a complete transverse 
lesion of the cord above the lumbar enlargement there is, 
contrary to what, heretofore, had been universal physiological 


‘On & case of Temporary Left Hemiplegia with Foot Clonus and 
Exaggerated Knee Phenomenon, after au Hpileptiform Seizure beginning in 
the Left Foot," Medical Times and Gazette, Feb. 12, 1881. 

*Ín this work, '* Paralyses, &c.,” 1886, p. 538, Bastian writes, “. . . with 
a total transverse lesion in the lower cervical region, nearly all reflexes depen- 
dent upon lower portions of the cord are aboltshed rather than exaggerated,” 
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and medical doctrine, flaccidity of the legs and loss of the 
knee-jerks. 

Bowlby (Med. Chir. Trans. 1890), Thorburn (Med. 
Chronicle, May, 1890), and Bruns, of Hanover (Archiv fur 
Psychiatrie, Band xxv., pp. 1-72), have confirmed Bastian’s 
conclusions. I do not imply that the writers just mentioned 
accept my hypothesis of the nature of the dynamical relations 
of the cerebrum and cerebellum. My hypothesis is rejected 
by Bruns, also by Gerhardt, and by Ferrier and other 
eminent neurologists. 

Dr. Charlton Bastian’s conclusions as to the state of the 
muscles and tendon reactions of parts below a complete supra- 
lumbar transverse lesion of the cord, are now admitted by 
nearly all medical neurologists to be correct; The real 
“facts” of cases of the complete transverse lesions men- 
tioned are not against the hypothesis I put forward in 1877- 
8. Bastian wrote (Med. Chir. Trans., vol lxxiii., 1890, 
p. 208) :—'* I came to the conclusion that a notion closely 
akin to that of Dr. Hughlings Jackson was most capable of 
explaining all the facts.” After considering the then 
(1890) current views as to the causation of rigidity and 
exaggerated tendon reactions in hemiplegia, Bastian wrote 
(p. 209) :—'' Great difficulties formerly stood in the way of 
explaming many of the facts without the aid of some such 
views (although grave objections could always be alleged 
against them); hence the few adherents which the counter- 
explanation of Dr. Hughlings Jackson has hitherto been 
able to command. Now, however, it seems to me that the 
new facts established in this, paper will be found to be 


l Bee a most able paper, “On the Conditions of the Reflexes in Total 
Transverse Division of the Spinal Cord," by Ernest 8. Reynolds, BRAIN, vol. 
xviii., p. 148 et seg., 189b. 

+Sherrington writes m a very remarkable and most valuable paper (Ts ans. 
Royal Society, vol. exo., B , 1898, pp. 144-145) :—* My results on Monkeys 
bear out strikingly and fully what Bastian describes as the typical condition 
in Man after complete transverse destruction across the cord. The chief 
difference is that in the Monkey in most cases—partly, perhaps, because the 
lesion is more localised by experimental infliction than by accidental—the 
depression is not so severe. For. instance, the knee-jerk, which disappears 
almost immediately after the transection, returns usually in a week or ten 
days (Sherrington, Journ. of 'Physol., 18, 1892; A. S. F. Grunbaum, Journ. 
of Physiol., 16, A ed ; often, however, not for three weeks ` occamonally, on 
the other hand, in ten minutes.” 
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altogether opposed to the fashionable views above cited, 
and to be just as much in favour of some modification of 
the doctrine of Hughlings Jackson." 


In the second reprint (Medical Examiner, 1878) I spoke of 
localisation of the disease in paralysis agitans, suggesting that the 
regional distribution of this motor affection points to the cerebrum. 
I have, since 1878, submitted the hypothesis that in this malady 
there is slowly-spreading atrophy of cells of the Rolandie region 
of the cortex in the order of their size, from smallest towards ' 
largest. Presumably these cells, in their order from smallest to 
largest, represent musoles, in their order from smallest towards 
largest. In paralysis agitans the interossei? are the muscles of 
the hand which are preponderatingly affected, and the set of the 
hand resembles that of the tetany of children. In most cases of 
ordinary hemiplegia with rigidity there is destruction of fibres of 
some part of the course of the pyramidal tract (internal capsule), 
a comparatively random and brutal lesion (clot or local softening). 
In most cases of this hemiplegia with rigidity the set of the hand 
is not interosseal, but is due especially to contraction of the large 
flexors and extensors; this set of the hand a little resembles that 
of the hand in carpo-pedal contractions of children. I believe 
that both tetany and carpo-pedal contractions are owing to loss 
of cerebral control permitting greater cerebellar influx, and surmise 
that, in children, the differences in the disposition of the thumbs 
and fingers and of the hands in carpo-pedal contractions and 
tetany, depend, at least partly, on differences in the degree of 
development (or of perfection) of the pyramidal tract and cortex ; 
the nervous arrangements for the intrinsic muscles will, I imagine, 
be later in their development or perfection than those for the 
large flexors and extensors of the hand. 

A case, very important in many ways, has been published by 
Strumpel (Deutsche Zeitschr. f. Nervenhetik., B. v., 1894) of a 
woman whose attitude was very like that of a subject of advanced 
paralysis agitans. Brissaud (Leçons sur les Maladies Nerveuses, 

' Properly “small and large movements.” See my second Lumleian 
Lecture, Br Med. Jown., vol i., 1890. For important remarks on the 
significance of sizes of nerve-cells see Bevan Lewis “On Mental Diseases,” 
Qnd ed., 1899. 

* In some cases of paralysis agitans there ig over-contraction of the inter- 
ossei, and thus hyper-flexion of the first phalanges and hyper-extension of the 
other phalanges of the fingers. See a very SE Ber Des Déformations 
de la Mam, by J. E. Siotis. I need scarcely remind the reader ot Charcot’s 
important researches on paralysis agitans, m which, among many other 
things, he considers the set of the hands ın cases of paralysis agitans, likening 


the disposition of the fingers 1n some cases to that in some cases of chronic 
arthritis. 
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Salpétriére, 1893-4) reproduces (p. 45 op. cit.) a portrait of this 
patient, and (p. 486 op. cit.) says of it :—'' Est-il possible d’ima- 
giner une attitude et une physionomie plus parkinsoniennes ? 
C'était une pseudo-bulbaire, puisqu'elle avait le syndrome d'une 
paralysie labio-glosso-laryngée spasmodique, causée par une 
double lesion systematique du faisceau paramidal.” (See also 
Brissaud, op. cit., pp. 41 et seq.) There was no tremor; there 
was rigidity of face, tongue, neck, arms and legs. There was 
difficulty in turning the eyes to the left, and ultimately all ocular 
movements were lost. Strümpell writes (op. cit.):—'' On being 
asked, the patient is unable to carry out the smallest movement 
in any part of the body or with the eyes. But of her own accord 
she occasionally makes a slight movement with the eyes or with 
the eyelids.” No morbid changes were found in tho cells 
of the cortex cerebri. Degeneration was traced upwards 
beyond the upper end of the internal capsule, but could not 
be followed to the cortex cerebri. The lesion in Strumpel's 
patient was a slowly-developed one, whereby cerebral control 
‘would be slowly taken off anterior horns, and consequently, as 
I suppose, there would be permitted gradually greater cere- 
bellar influx on those parts (anterior horns) from which the 
cerebrum was being, by the lateral sclerosis, slowly cut off. I 
do not say that this case was one of paralysis agitans, but I 
think it illustrates, if it does not confirm, the principle of the 
: hypothesis I have put forward as to the pathology and physiology 
of that malady. 

In cases of paralysis agitans, as in so many other nervous 
maladies, we have to bear well in mind Broadbent’s hypothesis: 
1866. “Bearing itin mind, I should say that double hemiplegia 
is more than, the double of hemiplegia. In hemiplegia the 
bilaterally-acting muscles of both sides escape, or suffer very 
slightly, whereas in double hemiplegia the bilaterally-acting 
muscles of both sides suffer as well as do the unilaterally-acting 
muscles of both sides. Hence, in Strimpel’s patient (sympto- 
matically a case of double hemiplegia with rigidity), there was, as 
Brissaud puts it, pseudo-bulbar paralysis; there was involvement , 
of very important bilaterally-acting muscles of both sidas. 


! I have profited very greatly by the application of Broadbent’s hypothesis 
to the explanation of complex neurological problems. Thirty years ago (Med. 
Times and Gazette, Aug. 15, 1868) I wrote, under the heading “ Remarks on 
Broadbent’s Hypothesis,” to urge those who observe defective bilateral move- 
ments with hemiplegia—particularly difficulty in swallowing — bo enquire care- 
fully if the patient hes not been previously paralysed on the other side, 
Again, at an autopsy on a patient known to have been pn of but one 
side, and who had had difficulty in swallowing, we should search both edes of 
the brain for evidences of disease, 
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An advanced case of paralysis agitans 4s double hemiplegia 
with rigidity (and some tremor, which is an approach to rigidity). 
It will be found in some cases of this malady that, if there be not 
bulbar (pseudo) paralysis, there is involvement of other bilater- 
ally-acting or alternately-acting muscles—rigidity of those of the 
face, neck, back, and abdominal wall. The hypothesis may be 
considered from another standpoint. 

In an early stage of etherisation for surgical purposes there 
is musoular rigidity, and the knee-jerks are exalted.” I think it 
possible that this occurs when the small cells of the cerebral 
cortex have succumbed to the ether, and when the large cells of 
the cerebellum have not been rendered functionless by it. In 
this stage, according to my hypothesis, there is negatively loss of 
some degree of cerebral control, and positively there is permission 
of a greater degree of cerebellar influx. In later stages, when I` 
suppose the large cerebellar cells also have beon rendered funo- 
tionless, there is flaccidity of muscles and loss of the knee-jerks. 

The situation, however, is complicated. The ether has, so 
to say, no malice against any particular part of the nervous 
system, but will put kors de combat small nerve-cells, wherever 
they are (cerebral, spinal, or cerebellar), sooner than it will large 
cells, wherever they are. 

Dr. Hewitt, in his remarkably interesting work,  Anwstheties 
and their Mode of Administration,” p. 154, says of etherisation : 
—“ In exceptional cases a fine tremor, known as ‘ether tremor,’ 
may occur.” Perhaps the annulling of function of cells of the cortex 
is not solely by ether or chloroform, but both by the anmsthetic 
used and by supervenous blood (deficiency of oxygen). I say 
this in consequence of what Dr. Hewitt writes, p. 281 op. cit. :— 
“ Rigidity will often disappear when more air'is allowed with the 
anxsthetic, a fact which leads one to suppose that the condition 
may sometimes depend upon intercurrent asphyxiation.” If «o, 
there may be removal of cerebral control, partly by the action of 
the anmsthetic and partly by that of supervenous blood. But 
there ig a difficulty to my hypothesis, so far as supervenosity 
i18 concerned. Risien Russell has found that the knee-jerks in 
dogs are exaggerated in early stages of artificial asphyxia, ever 
when the supra-lumbar cord has been divided. It may be that in 
rigidity under anssthetios, &c., super-venous blood, which annuls 
the function of cortical cells (of the Rolandio region at least) and 
which stimulates some medulla centres (respiratory, &o.), may 
stimulate some of the cells of anterior horns, and thus produce 
the rigidity or part of it. 
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An a Pathological Meeting held on Thursday, December 7, 
1899, at 11, Chandos Street, W., the following communications 
were made :— 


(L) Dr. F. E. Barn and Dr. J, 8. Connmr.—Spinal cord 
changes in cases of cerebral tumour. 


The object of the paper was to show that degeneration of the 
posterior columns of the cord frequently occurs in cases of 
cerebral tumour. The authors have examined twenty-nine cases 
of cerebral tumour occurring in patients of all ages and in vary- 
ing situations, and they find that degeneration of the posterior 
columns to & greater or lesser degree occurs in about 65 per cent. 
of the cases. A short abstract from the papers of previous 
‘observers was then given, and the suggested explanation of the 
changes found discussed. Of these, the most important were 
(1) a toxic process; (2) increased intra-cranial pressure; (3) 
venous stasis, anemia, or thrombosis; (4) retrograde degenera- 
tion. ; 
The character of the degeneration was such that though readily 
shown by the Marchi method it was not obvious by the Weigert- 
Pal method. The degeneration affects the posterior columns of 
the cord, and more especially the postero-external columns in the 
lower cervical region, but in certain cases the degeneration affects 
the lumbar and even the sacral region of the cord. The degen- 
eration can be traced up to the posterior column nuclei. The 
degeneration is of root origin, as shown by certain cases where 
' only a few roots are affected; the degeneration is limited to this 
root area, and also by the fact that the endogenous tracts of 
the cord tend to escape, although it cannot be said that they 
-are perfectly free from degeneration. (Hew will deny, however, 
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that these endogenous tracts also contain fibres of exogenous 
origin.) 

The posterior nerve roots usually show some degeneration, 
but always considerably less than the degeneration in the cord, 
and they may in some cases show none. 

The posterior root ganglia appear perfectly normal. 

The degeneration neither depends on the situation of the 
tumour nor on the nature of the growth, but it is dependent 
on the increase of intra-cranial pressure. An increase of the 
intre-cranial pressure tends to distend the sub-arachnoid space in 
the spinal cord, and such distension puts traction on the posterior 
nerve roots. It has been shown by other observers that the 
posterior nerve root is especially thin and constricted at the point 
where it enters the spinal cord. Traction would therefore tend 
to injure the roots especially at this point. It is therefore argued 
that the degeneration in the cord is an ascending degeneration, 
while that in the posterior roots is a retrograde change. Such a 
view is borne out by the present series of cases, since, while there 
is marked degeneration in the posterior columns of the cord, littl 
or no degeneration can be seen in the posterior roots. 

Certain clinical features were next dealt with, viz., the effect of 
operation, the condition of the knee and arm-jerks, and the 
presence of optic neuritis. 

The following conclusions were arrived at :—(1) That degenera- 
tion of the posterior columns of the spinal cord frequently occurs 
in cases of cerebral tumour, i.e., about 65 per cent.; (2) that 
such degeneration is more liable to affect the spinal cord in the 
cervical region than in the dorsal or lumbar, and is more marked 
in the postero-external than in the postero-internal columns; 
(8) that such degeneration is of root origin, and arises from the 
point where the root enters the spinal cord, the posterior roots 
being always less affected than the posterior columns and may 
show no degeneration; (4) that such degeneration is due to 
traction on the posterior roots by the distension of the spinal 
arachnoid owing to the increased intra-cranial pressure; (5) that 
such degeneration is independent both of the situation and of the 
nature of the tumour except in so far as their liability to give rise 
to the preceding condition is concerned ; (6) that optic neuritis 
bears no relation to the occurrence of posterior degeneration ; 
(7) that the absence of the knee-jerk (except in the semi-comatose 
state) indicates posterior degeneration, but that their presence 
does not negative such & condition; and the absence of the arm- 
jerks probably has the same significance. 
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(IL) Dr. WingRD Harris.—An experimental investigation 
on the decussation of the optio nerves in various animals, and 
on the path of the reflex for the contraction of the pupil to light 
(Meynert’s fibres). j 


This work was undertaken as & necessary preliminary to the 
study of reflex iridoplegia in man, or the Argyll-Robertson pupil. 
Clinical study of the consensual reflex contraction of the pupil 
in cases showing uni-ocular Argyll-Robertson pupil prove that 
the usually accepted path for the light fibres from the corpus 
quadrigeminum to the third nucleus of the same side (the two 
nuclei being connected together), will not explain the results 
obtained ;. inasmuch if light be directed obliquely upon the 
temporal half only of the retina of the affected eye, then the 
impulses travel up only by the optic tract of that side, owing to 
the non-decussation of the optic fibres from the outer halves of 
-the retina in man, In such case the pupil of the affected eye 
does not contract to light, whereas there is brisk consensual 
contraction of the opposite pupil. According to the accepted 
scheme this could only result through the impulses passing 
through the sclerosed Meynert’s fibres or affected third nucleus 
of the damaged side, which is entirely improbable. 
Now in the lower animals, fishes, amphibia, birds, and lower 
mammals, the optic nerves decussate completely, as shown by 
sections of chiasma of toad, chameleon, pigeon, owl, and rabbit. 
Studies of the pupil reflex fo light in the toad, frog, pigeon, 
parrot, owl and rabbit, show that only the pupil on which light 
is thrown contracts reflexly. There is no consensual reflex to 
light in these animals. Therefore, since there 18 total decussa- 
tion at the chiasma there must exist in addition a posterior total 
decussation for the pupil-reflex fibres between the optic lobes and 
third nuclei. This then is probably the primitive arrangement in 
animals without binocular vision. 
, Partial binocular vision however is obtained in warm-blooded 

carnivorous animals, which require especially keen sight to follow 
up their prey, as seen in hawks and owls, and amongst mammals ` 
especially in the cat tribe. Yet the deoussation remains com- 
plete in all birds, as proved by sections of chiasmata in owls, 
and by degeneration following enucleation and Marchi staining 
in pigeons; and in these only the pupil on which light is thrown 
will contract reflexly. Partial deoussation is seen first in 
mammals. Practically complete m rabbit, with no binocular 
vision and unilateral pupil reaction, only a very few fibres passing 
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up the optic tract of the same side ; in the cat, with good binocular 
vision and consensual pupil reaction, degeneration results show 
apparently an equal number of degenerated fibres passing up the 
tracts of each side. Wounds of the optic tract and corpus 
quadrigeminum on one side in cats have produced hemianopis 
with hemianopic pupil reaction, and marked degeneration in 
Meynert’s fibres, which decussate ventrally at level of third 
nuclei to form a tract ventral to the opposite posterior longi- 
tudinal bundle, with some degenerated uncrossed fibres in the 
posterior longitudinal bundle of the same side. These fibres are 
precisely similar to the degenerated fibres in Meynert’s deoussa- 
tion in cats shown by Boyce after extirpating one hemisphere. 
None of these fibres can be traced either into the third nuclei 
or third nerves. But in animals with semi-deoussation at the 
chiasma and consensual pupil reflex the primitive posterior total 
decussation of the pupil-reflex fibres must either be modified so 
that the corpus quadrigeminum of one side is connected with the 
third nucleus of the same as well as the opposite side, or else 
the two third nuclei must be tied together so as to react consen- 
sualy. And in birds it is evident that the third nuclei are not 
connected together as regards the light reflex, and in man the 
phenomena of uniocular Argyll-Robertson pupil already spoken 
of negative the possibility of any connection between the nuclei 
being the path for the consensual light reflex. Therefore the 
former arrangement, or posterior semi-decussation, analogous to 
the semi-decussation at the chiasma is theoretically the necessary 
path for the light reflex in cat and the higher mammals. Such a 
path is probably furnished by the semi-decussation of Meynert’s 
fibres as shown by the degeneration experiments in cats; and 
the probable path of the light reflex is then as will be shown 


in a diagram. 


(IIL) Dr. Morr and Mr. A, F. Taapeorn.—Hematrophy of 
the brain and its effects upon the cerebellum and spinal cord. 


Clinical. 


J. E., male, aged 26, single; occupation, shoe-black. Con- 
sidered to be a case of epilepsy with dementia. He has frequent 
fits, and has had them since childhood. He is very considerably 
. demented, but subject to occasional sudden attacks of maniacal 
excitement. There is paralysis of the right arm and leg, with 
increased reflexes. Pupils are equal and react to light and 
accommodation. He died at the age of 30 of acute phthisis. 
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Post-mortem examination. 


Skull.—The left side is much thicker than the right (in some 
places twice as thick), although there is no asymmetry when 
viewed from the outside. 

Brain. Marked wasting with enormous dilatation of ventriole 
of the left hamisphere, which weighs less than a third that of the 
right. 

Cerebellum.—Atrophy of the right upper quadrant. 

Spinal cord.—Notably asymmetrical, due to wasting of antero- 
lateral columhs on left side. 


Microscopical examination. 


Brain (left hemisphere).—Great atrophy of basal ganglia, 
chiefly affecting the optic thalamus. Cortex as a whole con- 
siderably thinned; there is an absence of large pyramidal cella, 
and the polymorphous cells appear to be slightly deficient. The 
smaller pyramids do not seem to be affected. There is a very 
great diminution in the number of nerve fibres ; most notably is 
this the case with those of the projective system. The com- 
: missural and association fibres are not nearly so much affected. 

Cerebellum.—Here the atrophy is confined to the lobus 
culminis of the right upper hemisphere; the layer of large 
granule cells lying immediately underneath the cells of Purkinje 
are not diminished, and the interlacing (? association) fibres are 
not affected. There is an entire absence of the cells of Purkinje, 
and & very great diminution of the coarse bundles of fibres form- 
ing the rays. The right superior peduncle is but a quarter the 
size of the opposite side. In the pons and medulla there is great 
diminution in the fibres of the fillet and pyramidal tracts on the 
left side. The olives and restiform bodies are symmetrical. The 
posterior column nuclei and arciform fibres have not yet been 
examined, ` 

Spinal cord is obviously asymmetrical to the naked eye, 
theré being marked atrophy of the left side all the way down the 
cord as far as L. 1 segment, and the atrophy being especially - 
pronounced in the antero-lateral columns. 

The following is a brief summary of the changes found in the 
different tracts of the cord when examined microscopically. 

Left direct pyramidal.—Sonte sclerosis extending down as far 
as the first dorsal segment. Hight crossed pyramidal is sclerosed 
and contains many swollen fibres as far down as L. 4. Antero- 
lateral descending tracts on left side are markedly deficient as 


636 PROCERDINGS OF THE NEUROLOGICAL SOCIETY 


compared with the opposite side. This condition can be seen as 
for as L. 3. There is some slight sclerosis at the periphery of the 
cord in the cervical region, but the chief condition in these 
columns is not one of sclerosis, but of deficiency—the tracts do 
not seem to be present at all. It is the absence of these tracts 
which gives rise to the marked asymmetrical appearance of the 
cord. The direct cerebellar tracts are normal. In the cervical 
region there is sclerosis in Goll’s column, the left side being 
slightly more affected than the right. The spinal ganglia were 
examined by Niss!'s method, but showed no change. Burdach's 
columns are healthy. Cells of anterior horns.—-There is a marked 
diminution in the cells of the right side; indeed, it can readily 
be seen by the naked eye that the right anterior horn is atrophied. 
Sections stained by Nissl also show that many of the cells which 
are present are undergoing degenerative changes. It must be 
said, however, that this diminution of nerve cells appears to be 
confined to the cervical and lumbar regions. No notable differ- 
ence can be detected between the two horns in the dorsal region. 
In the cervical and lumbar regions, whilsi there is a general 
numerical diminution of cells on the right side as compared with 
the left, is does certainly appear that this diminution is most 
marked in those cells forming the lateral groups and those at the 
base of the horn, and this is especially so in the 8 O., 4 and 5 L., 
and 1 S. segments. In the affected horns the nerve fibres are 
also deficient. 

Clarke's column.—In the 12 D. and 1 L. segments there are 
certainly fewer cells on the right side, but above this the two 
sides are quite symmetrical, and all the cells appear particularly 
healthy. 
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- . feurologícal Society of London. 


-REPORT OF COUNCIL. 
; FEBRUARY 2, 1899. 


_ The Council has much pleasure in reporting the continued success and 
prosperity of the Society. The members now number 208. 


The Inaugural Addreas was delivered at the Annual General Meeting on 
January 18, 1898, by Mr. Vrorog Horsumy, F.R.S., on “The Degree of 
Discharge of Different Nerve Centres.” 


M 


The vacancy caused on the list of Honorary Members by the death of 
Professor Du Bors RavarowD, of Berlin, has been filled by the election of 
Professor Hrrzia, of Halle, formerly one of the Corresponding Members of the 
Society, and the vacancy thus caused on the list of Oorresponding Members 
has been filled by the election of Professor Gustar TIurrzrus, of Stockholm. 


A feature in the yeat’s programme has been a visit, in April, to Cambridge, 
where, at the invitation of the Vice-Chancellor of the University, Dr. ALEX. 
Hinr, formerly President of the Society, & Physiological Meeting was hald. 


' At the conclusion of the meeting the Society was most hospitably entertained 


by the’ Vice-Chancellor. This was the first occasion on which the Society 
has met out of London. 3 


As during last year, the Proceedings have been published at greater length 
in “ Brain ” than was the custom in former -years, and an abstract appended 
to this Report gives some idea of the value and character of the work of the 
Society during the past year. 


The Oouncil reports with regret the resignation of the Senior Secretary, 


.Dr. Frepprick Mort, after four years of valuable service rendered to the 


Society. 


Proceedings of the he Sedi during the year 1898. 


. January 18th, Mr. Vicron Honasrnzy, F.R.§., Inaugural address, “ The 
Degree of Discharge of Different Nerve Centres," Bram, vol. xxi., part xxxv. 

February 24th, Dr. Doxxrw (1) ‘Spastic Paraplegia in a Ohild aged 
d years; ” (2) “Functional Hemiplegia with Hemianmsthesia in a Man aged 
about 50 years; ” (3) ‘A Oase of Paralysis Agitans.” Dr, Mort, "A Case 
resembling Scleroderma in which there was Diminished Sensibility over 
the Area supplied by the Two Inferior Divisions of the Fifth Cranial Nerve, 
with loss of taste over the anterior two-thirds of the fongue, and loss of 
smell.” Dr. HERBERT HAWKINS, “ Oase of Peroneal Type of Muscular 
Atrophy.” Dr. Buzvor, “Oase of Syphilitic Spinal Meningitis.” Dr. 
LEONARD Guraem, ' Case of Unilateral Syringo-myelia with Bulbar Symp- 
toms.” Dr. STEPHEN Macrnwaim, “A Oase of Nodding Spasms.” Dr. 
Onmmnop,, “ A Case of General Athetosis.” Dr. F. E. Barras, “ Friedreich’s 
Disease with Mental Defect.” Dr. ALDEREN TURNER, “A Case of Diplegia 
, Faolalis, with paralysis of both external rech, defect in finer movements of 

hands, spastic gait and double olub-foot.” 

April 28rd, Dr. ALEX. Hinr, “Bome Specimens of Granules.” Professor 
MacanisTER, ‘The Race-Oharacters of Australian Brains." Dr LANGLEY, 
“Some Points relating to the Sympathetic System.” Dr. GASKELL for 
Miss Ancocx, “ The Distribution of the Facial Nerve in Ammoomtes.” Dr. ' 
F. E. Barren (1) “Nerve Terminations in Muscle Spindles;” (2) for Dr. 
Sorten, of Ohio, * Motor Nerve Termination within the Muscle Spindle.” 

' Dr. Morr, ** Degeneration of the Neuron.” 

June 80th, Dr. O. E. Barvor opened a discussion on “The Accurate 
Looalisstion of Intra-cranial Tumours,” and Drs. Byrom BRAMWELL, 
Mioxgnn OLARKS, and SHARKEY took part in the discussion. 

October 27th, Dra. Opvnnopn and F. E, Barren, ‘Idiopathic Muscular 
Atrophy (Landouzy-Déjérine type) in Mother and Son." Dr, BEEVOR, 
“Unilateral Wasting and Paralysis of the Lower Half of the Trapezius.” 
Dr. Bmmigas, ‘Case of Idiopathic Muscular Atrophy.” Dr. F, W. Mors, 
<: Arsenioal Neuritis from Local Action of the Poison followed by general 
Degenerative Effects upon the Nervous System." Dr. Orson, “A Oase 
of Hereditary Chores.” Dr. Lons and Mr. Baruanon, ‘Oase of Removal 
of Cerebellar Tumour, three years and eleven months after the operation ” 
(case shown at a meeting of the Society eighteen months ago) Mr. Laxn 
and Mr. BALLANOE, ‘Case of Recovery from Temporo-Sphenoidal Abscess.” 
Dr. Brnvor and Mr. BALLANOR, Oase of Removal of Subcortical Cerebral 
Tumour.” Dr. James 'TAyLOoR and Mr. Banuanon, ‘Case of Trigeminal 
Neuralgia, in which zener of the Gasserian Ganglion was followed by 
complete relief.” 

December 15th, Dr. D W. Morr, ‘‘ Changes in the Brain, Muscles, and 
other Organs, found in persons having died with prolonged epileptiform 
convulsions.” Dr. F. E. Barman, ‘‘ Congenital Abnormalities in the Nervous 
Systems of Three Children.” Drs H. H. Toora and Rist RUSSELL, 
** Acute Myelitis with Bacteriological Hixamination." 
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"eet SLICES HONVIVA 


^ 


RULES. 


‘1—The Society shall be called the NEUROLOGICAL focum or LONDON. 


A 
1 s 


2,—'l'he objecta of the Society shall be to promote the advance of Neuro- 
logy and to facilitate intercourse amongst those who cultivate it, whether 
from a Psychological, Physiological, ` Anatomical, or Pathological point of 
view. i d 

8,—The Society shall consist of Ordinary, Corresponding, and Honorary ` 
Members, : 


4.—Àny one engaged in researches bearing on Neurology, or manifesting 
interest in such researches, shall be eligible for the Ordinary Membership. 

5.—-Men of distinction in Science, who have contributed to the advance- 
ment of Neurology, shall be eligiblé for the Honorary, or for the Corres- 
ponding Membership. 


6.—The number of Honorary Members shall be limited to six, and that 
of Corresponding Members to twelve. 


7.—-Honorary and Corresponding Members shall have the right of attend- 
ing the Meetings of the Society and of taking part in them. 


_ §.--Honorary and Corresponding Members shall be elected by the Soclety ` 
on the recommendation of the Council, : ` 


9.--Oandidates for Ordinary Membership shall be recommended by at 
least three Members of the Society, who shall append their names to a 
printed form supplied by the Secretaries to any person seeking Membership. 


10.—The Council shall nominate candidates for election into the Society 
AS ordinary Members from among persons so recommended. 


a ` a 


^ 


$i 


St 


li.—The names of Candidates. nominated by the Council "T be sub- 


mitted to the next Meeting of ihe Society, and shall be balloted for at the 
next subsequent meeting, ons black pag in ten exoluding, 


^ 


19.—The Annual um of an Ordinary Member Shall be One 
Pound, due in advance. 


DH 


8.—The Treasurer shall send to each Member, shortly before the Annual 
asd Meeting, D notice reminding him that his E MU becomes due 
on that ES ; 


14.—Non payment of the Subscription within twelve months after it is 
2 shall be considered as equivalent to resignation. ` 


15.—The Council shall consist of a President, two Vice-Prosidents, two 
Beoretaries, one Espen and ten Councillors, 


16.—Five Members of the Council shall form a quorum, 


Ei 


17,—The office of President shall be tenable for one year, and be entered 
upon at the beginning of each year m the Senior Vice-President, 


18,—The office of Vice-President shall be rere for two years; one Vice- 
President being eleoted every year. 


19.—The Seoretaries and Treasurer shall be elected annually with eligi- 
bility for re-election. 


20.—The Councillors shall be elected for one year, and not more than 
eight shall be eligible for re-election to the same office during the following 


year. 


91.—Omne full week before the Annual General Meeting, the Secretaries 


-shall send to each Member a balloting paper containing the names of the 


Officers and Councillors whom the Council nominate for the ensuing year. 


22.—The Society shall elect the Council by ballot, each Member, how- 
ever, being at liberty to substitute other names for any of those upon the list, 


28.—There shall be six ordinary meetings annually, of which the first 
held in each year shall be the Annual General Meeting. 


D 


` H E ^ 31 o 
' 24, —Notioes of each meeting, ‘and of the subjects to be considered, shall 
be sent by the Sepretaries to each’ Member of the Soclety at least one week 


before the meeting. 


25.—Bpecfal Meotings shall be held at tho option of iex Council, or at 
the request, in writing, i twenty Members, * 

26.—The President shall have tho’ power of inviting any person to attend - 
and to take part in the solentific work of the meeting, i 


27.—1f at any time the Ooóunocil shall be of opinion that the interests 
of the Society require the expulsion of a Member, they shall submit the 
question to a special General Meeting, at which, if more than one-half of 
the Members of the Society vote, by ballot as usual, for the expulsion of 
the Member, his subscription for the current year shall be’returned to him, 
and he shall thereupon cease to be B Member of the Soolety. ` 


‘28.—The Council shall draw up and submit for the approval of tho 
Society, supplementary rules regulating the dates, places, and character of 
the meetings; shall propose special subjects for investigation by‘the Society, 
and shall nominate sub-committees for the methodical carrying out of such 
investigations. They shall decide, from time to time, on the form of publica- 
tion which its proceedings are to assume. 


99.—No alteration shall bó made in the present riles, excepting at the 
Annual Meeting, or at a Special Meeting convened for the purpose, and unless 
it be proposed by the Council, or in writing by at least twenty Members, 
the usual notice be given of the proposed change to every Member before 
the meeting at which it is to be brought forward. 





D 


Each Member receives quarterly, from the beginning of the year in which 
he is elected, a copy of " BRAIN ; a Journal of Neurology," the organ of the 
Society, and edited for tt by A. de Watteville, M.A., M, D., B.Sc. 
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HONORARY MEMBERS. 





Mr. Donnnpnm Srexnose, London. 
Professor Woxpr, Leipzig, 
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Bir Bav, WILES, Bart., London. 
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Professor Ens, Heidelberg. 
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Es Grasset, Montpelier. 

e Jonny, Berlin. 

» —JUGIANI, Rome. 

» Mons, Berlin. 
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' Hoen, Paris, 


‘ = J ` Dr, Wane Maron, Philadelphia. 
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"P Members are requested to communicate with the Secretaries when 
corrections are necessary. 


——:0: —_ 
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1898 Boxon, Russert W., M.B.Lond., University College, Liverpool. 
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Surrey. 
»  BmApBURY, JOHN B., M.D Oantsb, F.R.O P.Lond, 4, St. Peter's, 
Terrace, Cambridge. 
1889 Bnapronp, J. R, M.D, D.Sc., F.R.O P., F.R.S., 60, Wimpole St., W. 
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Edinburgh. (C., 1894.) 
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. Less, D. B., M.D, F.R.O.P., 22, Weymouth Street, W. 
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Jong, Henry Loys, M.D., DROP, 61, Wimpole Street, W. 
Jongs, RoBEBT, ILD., F.R.O.S., Olaybury Asylum, Woodford, Essex. 


Kipp, Peroy, M.D., F.R.O.P., 60, Brook Street, W. 


Lanapon, PF, W., M.D., Cincmnati, Ohio, U.S.A. 


Lanepon-Down, Ruamanp L., M.B., B.C. Cantab., M.R.C.P.Lond., 
81, Harley Street, W. 


. hasanzy, J. N, MA, D.Sc, PRS, Trinity College, Cambridge 


(O., 1898.9.) ' 
Lawsonp, J. B., ALD., F.R.O.S., 99, Harley Street, W. 


D 


Lewis, H. Worsruzy, M R.O.S., D.R O.P., Claybury Asylum, Wood- 
ford, Essex. 
LowzNTEHAL, Max, M.D., M.R.C.P:, 84, Princes’ Road, Liverpool. 
Ld 
MacConmao, Jons M'Gxg, M.D. Dorh., L.R.C.2., L.R.0.S,Edin., 81, 
Victoria Place, Belfast. 


MoALDOWIE, ALEXANDER M., M D.Aberd., 6, Brook Street, Stoke-on- 
Trent, 


MACDONALD, Peme WA, M D. O.M., The. Oounty Asylum, 
Dorchester, Dorset. 


MACKENZIB, HECTOR WILLIAM Gayzs, M.D., F.R.O.P., 59, Welbeck 
Street, W. 


. MackumzIE, STEPHEN, M. D., F.R.O.P., 18, payendish Square, W IO. 


1896-8.) i 


MAOKINTOSH, ÁsHLEY W., M.A, ALD., Wellington House, Alford 
Place, Aberdeen. 


Maopuain, S. R, M.D., Borough Asylum, Rowditch, Derby. 


Mammen, EE M.D., E.R.C.P., 4, Beymour Street, W. (Geo, 
1890-98 ; C., 1898- 96.) 


Mann; J, Drxon, M.D., , F.R. O.P., 16, St. John's Street, Manchester. 
MARTIN, SIDNEY, M.D., E. R. OP, F.R.S., 10, Mansfield Street, W. 
Maunpz, ARTHUR, L R, A P; MLR, o 8., Westerhara, Kent. 
Max, W. Paaz, M D., M.R.O.P., Helouan, Cairo, erg, 


Menzims, Wirus Franors, M.D., B.Sc., M. R.O.F. , County Asylum, 
Rainhill, Lancs. 


. Murore, O., M.B., M.R.O.P , Flower House, Southend, Catford, S.E. 


(0. 1899.) 
Mnyzn, ADOLF, DLD., Clark University, Worcester, Mäss., U.S.A. 


. Moxim, W, Juriius, M.D., F.R.C.P., Grove Hall Asylum, Bow, E 


(O., 1895-97.) : 
Moors, Nomuan, M.D., F.R.C.P., 94, Dessin Place, W. 


. Morris, Marcom, F.R.O. S, Ed., 8, ‘Harley Street, W. 


Morr, P. W., M.D., E.R.O.P., P.R.S., 25, Nottingham Placo, W 
(Seo., 1894-8; O., 1899.) . 


Murray, Grosen R, M.A, M.D., F.H.O.P., 11, Elhson “Place, 
Newcastle-on-‘Tyne. 


1890 


1897 


1898 
1895 


1891 


1898 
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Murray, H. Monraaguz, M.D., DROP, 97, Saville Row, W. 


. NavrLESHIP, ÉDWARD, B. R.O.8., 5, Wimpole Street, W. 


Nicorsom, Davi», O.B., M.D., M.R.O,.P.Ed., Elmhyret, Guildford, 
^ Surrey. 


Nirmmanvms, J. E. H., M,D., Amsterdam, 
Noman, Coxonrx, F.R.C.P.L, F.R.C.8.L, Riohmond Asylum, Dublin. 


Oainvig, Groras, M.B., MOD, 23, Welbeck Street, W. ` 

Oarnvimg, Lesum, M.B., M.R.0.P., 46, Welbeok Street, W. 

Ortvsr, Tuowas, M.D., F.R.0.P., 7, Ellison Place, Newcastle-on-Tyne. 
Orancr, Wu., O.B., M.D., F.R.O.P., The Bryn, Godalming, Surrey. 
On», W. M., M.D., F.R.C.P., 87, Upper Brook Street, W. . (O., 1898-94. 


Dci». A. MD, F.R.O.P., 25, Upper Wimpole Street, W. (O., 
1895-7.) 


€ 
$ 


Paar, HunbBRT Winn, MA., F.R.C.8., 146, Harley Street, W. 
(O., 1891-2.) 


PAREINEON, dog PORTER, M.D.Lond. , M. R,O.P.,40, Wimpole Street, W. 
PargnsoW, Domanp Ross, M.D.Edin., M.R.O.P., 18, Windsor Place, 
Cardiff. . ý 


Dransn, Gzonoz, M.B., B.O., Seafield House, Ramsey, Isle of Man. 

Porn, G. N., M.D., F.R.O.P., 15, Portland Place, W. 

Poors, G. Vivian, M.D., DOP, 82, Wimpole Street, W. (0., 
1898-9.) * ' 


. Punvzs, W. Lamraw, M.D., 20, Stratford Place, W. 


4 


Rausox, Wirnnix B., M.D., F.R.O.P., The Pavement, Nottingham, 
RAYNER, Haney, M.D., MOD. 2, Harley Street, W. 
Ram, E. W., M.B., University College, Dundee. 


RurssuANN, Ümanngs H., B.A., B.Bo., Saxony Villas, Oppidans Road, 
` Primrose Hill. 


Reanim, Ggogax E., M. D. 
REvsonps, Ensest B., M.D., F.B.0.P., 28, St. John Street, Manchester, 
Romarg, JosmeH Pun, M.R,O.B., 6, Freeland Road, Ealing, W. 


Tuvgng, W. H. R., M.A, M.D., M.E,O.P., St. John’s College, Oam- 
bridge. (C. 1897.8.) 


RosznmrsoN, Wura Forp, M.D., O.M.Edin, 12, Bristo Place, 
Edinburgh. 


Rows, EDMUND Lews, L.R.0. P., L.B.0.5., Borough Asylum, Ipswich. 
RurrzER, MARO ARMAND, M.D., Oairo. 


Rossa, J. B. Bros, M.D., DROP, 4, Queen Anne Street, W. 
(Sec., 1896-9.) 


SANDERSON, J. BuzpoN, M.D., E.R.O.P., F.R.S., Banbury Road, Oxford. 


Savaan, G. H., M.D., DROP, 8, Henriotta Street, Cavendish Square, 
(Pres, 1897; V.P., 1895; ©., 1886-90, 1898.) 
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Elected 


1888 
O.M. 


1895 
1887 


1889 


1888 


-1891 


Savitz; T, D., MD., M.R.O.P., 60, Upper Berkeley Street, W.' 


Somarmg, E, A. F.R.S., University College, Gower Street.  (Pres., 
1898; V.P., 1892; O., 1886-90.). 


Suaron, Sir Farcs M.D., DROP. 89, Wimpole Street, W. (O., 1899.) 
Sunward, WA. JosueH, M.B.Lond., Oolney Hatch Asylum, N 
SHARKEY, B. J., M.D., F.R.O.P., 22, Harley Street, W. (C., 1889-92.) 


SuzRmumGTON, O. S. M.D., F.R.S., 16, Grove Park, Liverpool. (0. 
1893.95.) 


SzuurrLEWORTH, Opopaong E., M.D., Ancaster House, Richmond. 


Sarson, Francis O., -L.R,0.P.Lond.,, M.R.O.8.Eng, Hawkhead 
Asylum, Paisley, Scotland, 


Same, P. J., M.D., M.R.O.P., 4, Ohristopher Street, Finsbury Square, 
E.O. 


Surs, R. Depos, M.D., E.R.O.P., 86, Queen Anne Street, W. 

Sara, Tunrongp, M.D., B.B., Royal Albert Asylum, Lancaster, 

Brromr, Winum T, H., M.D. Oantab., F.R.0.8., 47, Welbeok Street, W. 

SraNSETELD, THos. E. K, M.B., Olaybury Asylum, Woodford, Essex. 

Stastny, Doveras, M.D.Edin., 9, Easy How, Birmingham. 

STARLING, Ennast Henry, M.D., F.R. O.P., B.8., 8, Park Square, N.W. 

Srmwant, Purves, M.A, ILD., M.E.O.P., 188, Harley Street, W. 

STEWART, Bir T. GaAmazn, M.D., F.R.O.P.Ed., 19, Charlotte Square, 
Edinburgh. 

STIRLING, Wu., M.D., D.8c., Owens College, Manchester. 


Sropparr, Ws. H., M.D, B.8., M.R.C.P.Lond., Bethlem Royal 
Hospital, Lambeth, B.E 


Srovr, G. F., M.A., St. John's College, Cambridge. 
Suogzuma, O. W., M.D., M.R.O.P., 108, Newhall Street, Birmingham. 


Sunny, Janes, MA, LL.D., 1, Portland Villas, Hampstead. (V.P. 
1890-91.) 


SUTHERLAND, Hans, M.D., M.R.O.P., 91, New Cavendish Street, 
Portland Place, W. 


Byers, Henry W, M.D., M.R.O.P., 4, Oxford and Cambridge 
Mansions, Hyde Park, W. 


TAYLOR F. R. P, MD., B.B.Lond., Darenth Asylums and Schools, 
Dartford, Kent, 


TAYLOR, James, M.D., F.R.O.P., 49, Welbeck Street, W, 

Tomson, H. Oasrengnn, M.D., M.R.O.P., 84, Queen Anne Street, W. 
THORBURN, War, F. R.0.8S., The Limes, Nelson Street, Manchester, 
TrromENEB, E. B., B.A., Ph.D., 72, Heustis Street, Ithaca, N.Y. 


Toorn, H. E., M.D., F.R.O.P., 34, Harley Street, W. (Bee, 1891-95; 
O., 1896-9.) 


TaEVRLYAN, B. F., M.D., B.So., M.R.O.P., 40, Park Square, Leeds. 


ÜTuokEsx, Omars Lrorp, M.D., O.M., 88, Park Street, Grosvenor 
Square, W. 
Tukz, Sir J. Barry, M.D., F. R. O. P.Ed., 20, Oharlotte Sq., Edinburgh. 


HU 
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Hlected 


1891 
1898 
OM. 


1888 


1895 
1894 


OM. 


ON. 


Turn, Tuomas Suvxovus, M.B., M.R.O.S., Chiswick House, Ohiswick. 
TURNER, WILLAN ÀLDREN, M.D., F.R.O.P., 18, Queen Anne Street, W. 


Torey, Horace G, M.B., M.Ch. Oxon, E.R. O.P, Lond., 68, Portland 
Place, W. 


TwzEDy, Joss, F.R.O.S., 100, Harley Street, W. 
VoonTHUS, J. A., M.D., Apeldoorn, 542, Lioulaan, Netherlands. 


‘WADE, ARTHUR L., M.D., Somerset and Bath Asylum, Wells. 
WALKER, A. Stopart, M.B., 90, Walker Street, Edinburgh. 


WALLER, AvausTUB, M.D., F.R.S., 16, Grove End Road, N.W. (V.P, 
1899; C., 1894-7.) : 


Warp, J., D.So., Trinity College, Oambridge. 


Warner, Franors, M.D., DROP, 5, Prince of Wales Terrace, 
Kensington Palace, W. 


WaASHBOURN, J. W., M.D., F.R.O.P., 6, Cavendish Place, W. 


WaTTEVILLE, A. DE, MA, M.D., B.Se., 80, Welbeck Street, W. 
(O., 1890-95, 1896-0, Seo., 1886-9; Editor of Brain.) 


WznxzB, F, Paares, M.D., F.R.O.P , 19, Harley Street, W. 
West, Samorz, M.D. F. R.O.P., 15, Wimpole Street, W. 
Wareg, Eswest W , M B.,M.R.C.P,, City of London Asylum, Dartford. 


. Ware, W. Hara, M.D., F.R O.P., 65, Harley Street, W.  (O., 1897-9.) 


Waiting, AntHuR d., M.D., M. R.O.P , 142, Harley Street, W. 


WicngSWonTH, Josera, M.D., F.R.C.P., Oounty Asylum, Rainhill, 
Lancashire. 


WinnrAMSON, Riogarp T, M.D., AE 294, Oxford Road, 
Manchester. 


Wirsox, ALBERT, M D. Edin., M.R O.P., 88, Fairlop Road, Leytonstone. 
Woop, Guy M., M B, M.R.O P ; County Asylum, Rainhill, Lancashire. 


Woop, T. Ourrunson, M.D., M.R.O.P., 40, Margaret Street, Cavendish 
Square, W. 


Woopumap, G. Sms, M.D., DO P, Ed., Examination Hall, Victoria 
Embankment. 


Younc, ROBERT ARTHUR, M.D., B.Sc., M.R.C.P., 41, Wimpole St., W. 


